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FIELD
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location_Sj!_s-__ 2.2_____ ^ J --

ELEVATION KB Al-l.DF. GL_?'Gb API NO.

67001

Schlumberger Cyberlook
WELLSITE COMPUTATION

A CSU' Service

Dole B 2\’k \

Run No. O n r
i Depth—Driller

...

i Depth-Logger
1 Btm log lnter»ol

Top Log Iniervol
Coung-Driller by* £ -jog a ia
Coung-logger l.,A ( OGC/ F
Sit Size v 7* 1

type Fluid in Hole G 5 L
.Deni. j Vi»c. /G H 1 ^70

pH { Fluid ton 7 0 | 1 0 t"l 1 m|; ml ml
Source of Sample nn) TA\K. .1---------- •---------  1
”13r» Meoi. Temp | rtS i ® 7 d 'F tI a. -f f a F

---~1Jmf ai Mea» Temp., -G'f-i @ 7G *F '3> ’f 1 § *F (& ‘F
Rmc Qj Meot Temp Di £> '§ 70 7 ■J) 'F (& *F <$ -F
Source: fcrnf ! ^mc H 1 C- 1_______
Hrr d. BHT a -f 3 'F ia F

\dJ |Circulation Stopped OC, *0 ,k~rrjTi ’

{logger on Bottom
T Mov Rec. Temp / H ^ ’F •f ‘F ‘F

Equip. Location p:?*4 7 u^r/v
Recorded By" Kof*. 5a7S-GA>.j/*/u2 d f a
Witnewed By r;Yr ti

______________
< aw . ■ ■ - • ‘̂ * 0tr ---------------- MAR-832
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terpietotions ore opinions bosed on mlc'cncet Irom electr.iol o« ©the* rneosui rments ond ion»oi. ond clc not 'nr octu’ocy to**ectr*et* o» ony *m«n-
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COMPUTATION PARAMETERS

COMPUTATION CONSTANTS

RATE DENSITY = ‘ I

Service Order Number

2-4 3‘^4

Computotion used the following logs: / /tYl^fL /CA/L

D"w GR SP NEUTRON SHALE INDEX 
USED PMAX MD DO D02 SPDR MATR B$:

' .. ‘i '
Free Bound Clean Shole Clean Shale Clean Shale

GR/SP

BOTH

Neutron
Used

Y/N

PHI
MAX

Clean
Matrix
Density

Depth 
Oltset 
lope 1

Depih 
Olfset’ 
lope ?

SP
Drill

Neutron
Matrix

Bit'

Size

.02- . 1 — - - — N .40 2.11 - - - <L s iy^
ArJO 

. o4 ' ’4~’1
■ *
< it It

.<Viv

VJ5

• V e.;rv*

K ^ PARAMETERS

NAME UNIT value NAME UNIT VALUE

DLLM 0.3500
LSHB ALLO
GDCL G/C3 0.0
TPDM 8.700
FEPT NONE
RUB □ HUM 0.1000 

a />

GULM GAPI 999.0
MDET NEIT
GDSH G/C3 2.900
TPFM 7.200
FESX DISA
FCAL
ki n o i t

PRES
n cn n n

. K*\

. ’V. * „«*• M» t .f .. (• •*. k- •. •
n-H: ts< -

'9.
t*

•/,

"■ pi
H'- ^ fa ; . * ?■ * V /

.%* Jr«c ! ^ t . < ;'Vvvv'Y 3>.>.

NAME • IjMIT "'VALUE'’;',
. . { T. . »‘V )7rw<

„• i.??.
,.' V -I •
. » VJ

...r?',.BS INCH 7.873
NLIM
FRTC
DRUL G7C3

0.01000
MSFL
999.0 r

TPSM
POUT
ot tr OUMM

7.200
LIME
n n a n n a > .*•

\\-
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•t, * J «

MAME

DLLM
LSUB
GDCL
TPDM
FEPT
RUB
NPCL
GRSH
MGS I
RXOF
RTLF
FD
DTM
BHS
DO

’ltV*r ' > . ,1

UNJT ‘VALUE

0.3500 
ALLD

G/C3 0.0
8.700
NONE

□HMM 0.1000 
0.0

GAPI 70.00 
ME IT 
PRES 
DISA

G7C3 1.100
US7F 47.60 

□ PEN 
0.0

.’.••f,',, •'^ •-ri ' 1 • - >r
: ’ NAME UNIT VALUE *r

... t.,.t

'“NAME

2.500
RHGF < G7C3)

MSI <
3.000

0,0 1.000

-- jjh i wmH ismmm 
■ ■ ***<$«&

• 'VW
V*‘GULM GAPI 999.0 BS INCH 7.875

MDET NEIT NLIM 0.01000 • * V N i. *
.GDSH G7C3 2.900 FRTC MSFL . «*:',

TPFM 7.200 DRUL G/C3 999.0
FESX DISA TPSM 7.200 r * !; V
FCAL PRES POUT LIME
NPSH 0.5000 RUF □ HMM 0.04000 ’*• : •
SPCL MV -200.0 SPSH MV 0.0 jL &
PMAX 0.3000 GRCL GAPI 5.000
CLIM IN 16.00 SINP GR
BHT DEGF 139.2 SONI PRES / 5MATR LIME HC CALI u i
CDTS 100.0 MDEN G7C3 2.710 t *■vFPHI PH IX DTF US/F 189.0 1*

N

R0 < DHMM)

DCALUN )
-10.00 10.00

VUXOC )
0.5000 0.0

PH I E < ) ’

0 . 1000 1000 .
RT < DHMM >

0.5000 0.0
VU < >

0. 1000 1000 . 0.5000 0.0

'■4!
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o00

U)

10 1

DCAL < I N )
-10.00 o • o o

VWX0( )



-4 ,j .^T.»^l ,

5

7T"T

RHGF <G/C3>
2.500 3.000

MSI < >

o • o 1.000

R0 < DHMM)

DCAl^Ifl )
-io.00 10.00

VUX0< )
0.5000 0.0

PH IE < >
0. 1000 1000 .

RT <DHMM>
0.5000 0.0

vu < > •
0.1000 1000. 0.5000 0.0

PARAMETERS

MAME UMIT VALUE NAME UNIT VALUE ' NAME UNIT VALUE

DLLM 0.3500 GULM GAPI 999.0 BS INCH 7.875
LSUB ALLD MDET NEIT NLIM 0.01000
GDCL G7C3 0.0 GDSH G/C3 2.900 FRTC MSFL
TPDM 8.700 TPFM 7.200 DRUL G7C3 999.0
FEPT NONE FESX DISA TPSM 7.200
RUB □ HMM 0 . 1000 FCAL PRES POUT LIME
HPCL 0.0 NPSH 0.5000 RUF □ HMM 0.04000
GRSH GAPI 70.00 SPCL MV -200.0 SPSH MV 0.0
NGSI ME IT PMAX 0.3000 GRCL GAPI 5.000
RXOF PRES CLIM IN 16.00 SINP GR
RTLF DISA BHT DEGF 139.2 SDN I PRES
FD GZC3 1. 100___^ ... MATR > .. .

LIME HC CALI
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• i m ^ i » u ■ r a v

BHS
DD

□PEN FPHI
0.0

PH I X DTF
V4 r v

US7F 189.0

A*

PARAMETERS

NAME UNIT VALUE NAME UNIT VALUE NAME UNIT VALUE

DLLM 0.3500 GULM GAPI 999.0 BS INCH 7.875
LSUB ALLD MDET NEIT NLIM 0.01000
GDCL G7C3 0.0 GDSH G7C3 2.900 FRTC MSFL
TPDM 8.700 TPFM 7.200 DRUL G7C3 999.0
FEPT NONE FESX DISA TPSM 7.200
RUB □ HMM 0. 1000 FCAL PRES PDUT LIME
NPCL 0.0 NPSH 0.5000 RUF □ HMM 0.02000
GRSH GAPI 70.00 SPCL MV -200.0 SPSH MV 0.0
NGS I NEIT PMAX 0.3000 GRCL GAPI 5.000
RXOF PRES CLIM IN 16.00 SINP GR
RTLF DISA BHT DEGF 139.2 SDN I PRES
FD G/C3 1. 100 MATR LIME c HC CALI
DTM US/F 47.60 CDTS 100.0 MDEN G7C3 2.710
BHS □ PEN FPHI PH IX DTF US7F 189.0
DO 0.0

r;:.rhg r c.q/ p 3 >_
!. 50 0 3.0 00

MSI < >

! *

'=■ ;>•- ~'Ro~;:<nHHn> •*"

...............__DQ0kUfl._>.............. .
-10.00 10.00

VWX0< )
0.5000 0.0

- - ' PHIEC-
0.1000 1000.

RT <D1H!1M)
o.sooo •'••• ; o.o

VU < )s '•

i.O 1.000 0.1000 1000. 0.5000 0.0

FILE 
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•“ RHGF<Cj/C3) . .* I"1 RQ <DHMf1) • PHIE< ' ' >
2.300 3.000 0. 1000 1000 . 0.5000 > .0.0

MSI < ) RT lOHUfl) < 3=

i

)'
JU2__________________ 1.000 0. 1000 1QQ2.3 0.5000 0.0
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RHGFCG/C3) R0 < DHMM >

DCAL<IN >
-10.00 10.00

VUX0< )
0.5000 0.0

PH IE < )
.500 3.000

MSI < )
0.1000 1000.

RT ( DHMil)
0.5000 0.0

VU < >

• O o o o 0.1000 1000. 0.5000 0.0

PARAMETERS

NAME UNIT VALUE NAME UNIT VALUE NAME UNIT VALUE

DLLM 0.3500 . ... .. GULM GAPI 999.0 BS INCH, \ 7.875 -
LSUB ♦v r. ALLD MDET NEIT ' NLIM . ** * 0.01000
GDCL ; G/C3 “0;-0-' " • - G/C3 " 2.90 0 v TRTC

HSFL"rTPDM 8.700 TPFM 7.200 DRUL G/C3 999.0
FEPT NONE FESX DISA TPSM 7.200
RUB OHMM 0. 1000 FCAL PRES POUT LIME
NPCL 0.0 NPSH 0.5000 RUF □ HMM 0.02000
GRSH GAPI 70.00 SPCL MV -200.0 SPSH MV 0.0
NGS I NEIT PMAX 0.3000 GRCL GAPI 5.000
RX0F PRES CLIM IN 16.00 SINP GR
RTLF DISA BHT DEGF 139.2 SDN I PRES
FD G/C3 1.100 MATR LIME HC CALI
DTM U S/F 47.60 CDTS 100.0 MDEN G/C3 2.710
BHS □ PEN FPH I PH IX DTF US/F 189.0
DD 0.0



•h

. j

GDCL" ~G/C3 0.0“ ~
TPDM 8.70 0
FEPT NONE
RUB □ HMM 0. 100C
NPCL 0.0
GRSH GAPI 70.00
NGSI ME I T
RXOF PRES
RTLF DISA
FD G/C3 1.100
DTM US/F 47.60
BHS OPEN
DU 0.0

, • t •< W 1 .
GDSH G/C3

IIC 1 1
2.900

TPFM 7.200
FESX DISA
FCAL PRES
NPSH 0.5000
SPCL MV -200.0
PMAX 0.3000
CLIM IN 16.00
BHT DEGF 139.2
MATR LIME
CDTS 100.0
FPH I PH I X

r>L i n 0.01000
FRTC *" * * % • MSFL
DRUL G/C3 999.0
TPSM 7.200
POUT LIME
RUF OHMM 0.02000
SPSH MV 0.0
GRCL GAPI 5.000
SINP GR
SONI PRES
HC CALI
MDEN G7C3 2.710
DTF US/F 189.0

PARAMETERS

MAME UMIT VALUE NAME UMIT VALUE MAME UMIT VALUE

DLLM 0.3500
LSUB ALLO
GDCL G/C3 0 . 0
TPDM 8.700
FEPT NONE
RUB OHMM 0. 1000
NPCL 0 . 0
GRSH GAPI 70.00
MGS I ME I T
RXOF
P T 1 C

PRES
n » c a

GULM GAPI 999.0
MDET ME IT
GDSH G/C3 2.900
TPFM 7.200
FESX D I SA
FCAL PRES

BS INCH 7.875
ML IM 0.01000
FRTC MSFL
DRUL G/C3 999.0
TPSM 7.200
POUT LIME
RUF OHMM 0.02000
SPSH MV 0 . 0
GRCL GAPI 5.000
S I MR GR

MPSH 
SPCL 
PM AX 

CL I M

MV
0.5000 
-200.0 
0.3000 
16.0 0IM



i- u 1 . 1UU imh i k Lint. ML LHL 1
DTM US7F 47.60 CDTS 10 0. 0 MDEN b/C3 2.710
BHS
DO

□ PEN
0 . 0

FPH I PH I X DTF US/F 189.0

>50
oN»

OVC

PH I A < ) ji
0.4000 -0.100

RHGFl< G/C3 > RF A (□HUM) DPH I < > Tj
500 3.000 0.0100 10 0.0 0.4000 -0.100

GR < GAP I ) RT <OHHI1> NPH I < ) »'*

) 100.0 0. 10 0 0 1000 . 0.4000 -0. 100 c
t
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aft

NAME UNIT VALUE

DLLM 0.3500
LSNB ALLD
GDCL G/C3 0.0
TPDM 8.700
FEPT NONE
RUB □ HMM 0. 1000
NPCL 0 . 0
GRSH GAPI 70.00
NGSI NEIT
RXOF PRES
RTLF DISA
FD G/C3 1.100
DTM US/F 47.60
BHS □ PEN
OD 0.0

NAME

GULM
MDET
GDSH
TPFM
F ESX
FCAL
NPSH
SPCL
PM AX
CLIM
BHT
MATR
CDTS
FPH I

4
UNIT VALUE NAME UNIT VALUE

GAPI 999.0 BS INCH 7.875
NEIT ML I M 0.0 1000

G/C3 2.900 FRTC MSFL
7.200 DRUL G7C3 999.0
DISA TPSM 7.200
PRES PDUT • LIME
0.5000 RUF □ HMM 0.02000

MV -200.0 SPSH MV 0.0
0.3000 GRCL GAPI 5.000

IN 16.00 SINP GR
DEGF 139.2 SDN I PRES

LIME HC CALI
100.0 MDEN G/C3 2.710
PH I X DTF US7F 189.0
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Schlumberger

% wivir w ■ ki\

PROCESSED
LOG

COMPANY Oil 4

WELL_ _ _ _

FIELD £-i<T p0O(*r

COUNTY £<x>scscf&
.STATE. /A, —■*-

lOrATION flfd ripe X ' f-ujc-______52 2.- ItAJ' /£

* . • - 1, , «f . »» . * - •
ELEVATION *ICB 2*17 DF______ Gl 2off API NO

Schlumberger Cyberlook
WELLSITE COMPUTATION

A CSlT Service

Date
Run No.
Depth—Driller
Depth—logger
Btm. log Interval
Top log Interval
Casing^Driller
Casing—Logger
Bit Size
Type Fluid in Hole

Dens. [ Vise.
pH | Fluid loss

Source of Sample
Rm @ Meas. temp.
Rmf @ Meat. Temp.
Kmc @ Meas. Temp
Source: Rmf 
Rm @ BHT

Tr

Circulation Stopped
p logger on Bottom
Mox. Rec. Temp.
Equip. Location
Recorded By
Witnessed By

A/-/C- St

7
J'fYY

@/A/Y
/22&
ill

5* /&
1CJL.
L. ¥

V/ 1
£ ml I ml

aUJ T*.
• ort, @ ‘F

°F
.OHV @61 ‘F

/M.
,Qi.1- *f

£>U>Q : V-/6
/r~rV» ■■

*F
SiJT

@ •F

©

“F

■F

M.
uJt-6TJU

QJ*. (* •*■ ,1 /A. p.<! rj u.{

ml

@ *F
@
@ *F

@

•F

ml

@

@ *F

@

"F
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•pretofion* ,or« opinion! botod on inferences from eleclricol or other meoiurements ond we cannot, ond do not guotontee the octurocy or correctness of ony inter- 
•ni, ond wo tholl not, evccpt in tho CO!e of gross or willful negligence on our port, bo lioble or responsible tor ony Ion, cotti, damogei or e»penses incurred or 
d by onyone resulting from ony interpretation made by any ol Our officer*, agents or employees These interpretations ore also subject »o our General Terms ond 
>ns os set out in our current Price Schodule. *A mork of Schlumberger

COMPUTATION PARAMETERS

Rw GR SP NEUTRON SHALE INDEX 
USED PMAX MD DO D02 SPDR MATR BS

Free Bound Clean Shole Clean Shale Clean Shale
GR/SP

BOTH

Neutron
Used
Y/N

PHI

MAX

Clean
Matrix
Densilv

Oepth 
Offset 
Tope 1

Depth 
Offset 

lope 2
SP

Drill
Neutron
Matrix

Bit

Size

r ( 70 — - — - A> .H 3l.il o — — Li~C
7*r

/
•

'■

COMPUTAT ON CONSTANTS

rE DENSITY = /. / q ^ /r ^
Computation used the Allowing logs:

Service Order Number

___________________________2/3/6/
FOC. CAJL________________________

j

1
)

I
I

S
j
t
I
I
'I
\
>

PARAMETERS

NAME UNIT VALUE ., pAMr rintTc; * UNIT VALUE ----- - NAME UNIT - VALUE -

DLLM 0.3500 GULM GAPI 30.00 BS INCH 7.875
LSWB DISA MDET NEIT NLIM 0.01000
GDCL G/C3 0.0 GDSH G7C3 2.900 FRTC MSFL
TPDM 8.700 TPFM 7.200 DRUL G/C3 0.3000
FEPT NDNE FESX DISA TPSM 7.200
RUB □ HUM 0. 1000 FCAL PRES PDUT LIME
HPCL 0.0 ■ NPSH 0.5000 RUF □ HMM 0.0400 0^
GRSH GAPI 70.00 SPCL MV -200.0 SPSH MV 0.0
MGS I NEIT PMAX 0.4000 GRCL GAPI 5.000



NAME UNIT VALUE . MAMfT
rtnnd UNIT VALUE • - NAME IIM f T

UM a 1 VALUE

DLLM 0.3500 GULM GAPI 30.00 BS INCH 7.875
LSUB DISA MDET NEIT NLIM 0.01000
GDCL G/C3 0.0 GDSH G7C3 2. 900 FRTC MSFL
TPDM 8.700 TPFM 7.200 DRUL G7C3 0.3000
FEPT NDNE FESX DISA TPSM 7. 200
RUB dhiiii 0. 1000 FCAL PRES PDUT LIME
NPCL 0.0 NPSH 0.5000 RUF □ HMM

2ooo
•

o
GRSH GAPI 70.00 SPCL MV -200.0 SPSH MV 0.0
MGS I NEIT PMAX 0.4000 GRCL GAPI 5.000
CLIM IN 16.00 UMUD LB7G 11.30 SINP GR
BHT DEGF 139.5 . SDN I PRES RXOF PRES
MATR LIME HC CALI RTLF DISA
CDTS 100.0 MDEN G7C3 2.710 FD G/C3 1. 100
FPHI PH IX DTF US/F 189.0 DTM US7F 47. 60
DO 1.000 BHS □ PEN

RHJjF C G7C3 > R0 <DHMM>

DCAL<IN )
-10.00 10.00

VUX0< )
0.5000 0.0

VU < )
2.500 3.000

tisi <>
0.1000 1000.

RT COHMM)
0.5000 0.0

PHIE< )
0.0 1.000 0.1000 1000. 0.5000 0.0
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4

RHGFCG/C3) R0 (DHMM)

DCALCIN >
-10.00 10.00

VWX0< >
0.5000 0.0

VW < )
2.500 3.000

MSI < )
0.1000 1000.

RT < DHMM)
0.5000 0.0

PH IE < )
0.0 1.000 0 . 1000 1000 . 0.5000 0.0

PARAMETERS

NAME UNIT VALUE NAME UNIT VALUE NAME UNIT VALUE
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dlLh 1 •*07350 0 T^wguLm GAPI 30.00 ' ; BS IMCH 7.875
LSUB DISA ' MDET ME IT NLIM 0.01000
GDCL G/C3 0.0 GDSH G/C3 2.900 FRTC MSFL
TPDM 8. 700 TPFM 7.200 DRUL G7C3 0.3000
FEPT NDNE FESX DISA TPSM 7.200
RUB OHMM 0.1000 FCAL PRES PDUT LIME
NPCL 0.0 MPSH 0.5000 RUF □ HMM 0.04000
GRSH GAPI 70.00 SPCL MV -200.0 SPSH MV 0.0
MGS I ME I T PMAX 0.4000 GRCL GAPI 5.000
CLIM IN 16.00 UMUD LB7G 11.30 SINP GR
BHT DEGF 139.5 SDMI PRES RXOF PRES
MATR LIME HC CALI RTLF DISA
CDTS 100.0 MDEM G/C3 2.710 FD G7C3 1.100
FPHI PH I X DTF US7F 189.0 DTM US/F 47.60
DO 0.0 BHS OPEN

PARAMETERS

NAME UNIT VALUE NAME UNIT VALUE NAME UNIT VALUE

DLLM 0.3500 GULM GAPI 30.00 BS INCH 7.875
LSUB DISA MDET NEIT NLIM 0.0 1000
GDCL G7C3 0.0 GDSH G7C3 2.900 FRTC MSFL
TPDM 8.700 TPFM 7.200 DRUL G/C3 0.3000
FEPT NDNE FESX DISA TPSM 7.200
RUB □ HMM 0 . 1000 FCAL PRES PDUT LIME
NPCL 0.0 NPSH 0.5000 RUF □ HMM 0.02000,

0.0GRSH GAPI 70.00 SPCL MV -200.0 SPSH MV
NGSI NEIT PMAX 0.4000 GRCL GAPI 5.000
CLIM IN 16.00 UMUD LB/G 11.30 SINP GR
BHT DEGF 139. 5 . SDN I PRES RXOF “ PRES

MATR LIME ___ HC CALI RTLF DISA
CDTS 100.0 MDEN G/C3 2.710 FD G/C3 1. 100
FPH I PHIX DTF US/F 189.0 DTM US/F 47.60
DD 1.000 BHS □ PEN .

____ _____DCAL< IN_._)
-10.66 10.00

VUX0< )
0.5000 0.0

..............



fr
O
U
-z
o'
av

iM

CLIM IN 16.00 HMUD LB/G 11.30 SINP GR
BHT DEGF 139.5 • SDN I PRES RXOF PRES
MATR LIME__ _^ HC CALI RTLF DISA
CDTS 100.0 MDEN G/C3 2.710 FD G/C3 1. 100
FPHI PH IX DTF US/F 189.0 DTM US/F 47.60
DO 1.000 BHS □ PEN

FH5F<G7C3>................. RO < DHMM)

DCAL <IN ) oo
•

ô4

AVoX3>
oo
•

0
1

o
•

o

/AV3>
oooino

2.500 3.000
MSI < >

0 . 1000 1000 .
RT < DHMM)

0.5000 0.0
PH IE < >

0.0 1.000 0.1000 1000. 0.5000 0.0

FILE

4
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r

►
oK>»

O

4

DCAL<IN )
-10.00 10.00

VUXO ( )
0.5000

O
a

o



■** - ..

—
=3^——r-

IT —
1 i

l

\jy

........ ........RHG_F<G7C_3_>
2.300 3.6*00

________ MSI < )
0.0 1.000

FILE

4

m

R0 < OHMM)

DCAL<IN )
-10.00 10.00

VUX0< )
0.5000 0.0

VU < )
0.1000 1000.

RT <DHMM>
0.5000 0.0

PHIE < )
0.1000 1000. 0.5000 0.0

PARAMETERS

NAME UNIT VALUE NAME UNIT VALUE NAME UNIT VALUE

DLLM 0.3500 GULM GAPI 30.00 BS INCH 7.875
LSUB DISA MDET NEIT NLIM 0.01000
GDCL G/C3 0.0 GDSH . G7C3 2.900 FRTC MSFL
TPDM 8.700 TPFM 7.200 DRUL G/C3 0.3000
FEPT NONE FESX DISA TPSM 7.200
RUB DHMM 0.1000 FCAL PRES PDUT LIME
NPCL 0.0 NPSH 0.5000 RUF DHMM 0.02000
GRSH GAPI 70.00 SPCL MV -200.0 SPSH MV 0.0
NGSI NEIT PM AX 0.4000 GRCL GAPI 5.000
CLIM IN 16.00 UMUD LB/G 11.30 SIMP GR
BHT DEGF 139.5 SDN I PRES RXOF PRES
MATR...

•Un*. i f.'yHl A t* f/V^.yTv1
' -,.HC CALI RTLF

»■ rr n
DISA

4 n_r> «*

oCO
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«--rrn*, rniA •• UI I- . USVF‘ 189.0 DTM US/F 47.60
’ DD 1 0.0 BHS DPEN

NAME UNIT VALUE

DLLM 0.3500
LSUB DISA
GDCL G7C3 0.0
TPDM 8.700
FEPT NONE
RUB □ HMM 0.1000
NPCL 0.0
GRSH GAPI 70.00
NGSI NEIT
CLIM IN 16.00
BHT DEGF 139.5
MATR LIME
CDTS 100.0
FPHI PH IX
DD 1.000

PARAMETERS

NAME UNIT VALUE

GULM GAPI 30.00
MDET NEIT
GDSH G/C3 2.900
TPFM 7.200
FESX DISA
FCAL PRES
NPSH 0.5000
SPCL MV -200.0
PMAX 0.4000
UMUD LB7G 11.30
SDN I • PRES
HC CALI
MDEN G7C3 2.710
DTF US7F 189.0
BHS DPEN

NAME UNIT VALUE

BS INCH 7.875
NLIM 0.01000
FRTC MSFL
DRUL G7C3 0.3000
TPSM 7.200
PDUT LIME
RUF DHMM 0.02000
SPSH MV 0.0
GRCL GAPI 5.000
SINP GR
RXOF PRES
RTLF DISA
FD G7C3 1.100
DTM US7F 47.60

j?HGA<G/C3> RF A (DHMM)

PH IA < )
0.4000 -0. 100

DPHI< >
500 3.000

___ —0 100.0

0.0100 100.0
......_____EI_ U£UD2_________

0 . 1000 1000 .

0.4000 -0.100
______ _ JiPtLU
0.4000 -O.lOOl

FILE

4
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RHGA<G/C3> RFA < UHMM)

PHI A( )
0.4000 -0.100

DPHI< )
3.000

GR < GAP I)
0.0100 100.0

RT < DHMM)
0.4000 -0.100

NPHI( )
100.0 0.1000 1000. 0.4000 -0.100

PARAMETERS

IAME UNIT VALUE NAME UNIT VALUE NAME UNIT VALUE

ILLM 0.3500 GULM GAPI 30.00 BS INCH 7.875
.SUB DISA MDET NEIT NLIM 0.0 1000
iDCL G7C3 0.0 GDSH G/C3 2.900 FRTC MSFL
PDM 8.700 TPFM 7.200 DRUL G7C3 0.3000
EPT NONE FESX DISA TPSM 7.200



PARAMETERS

NAME UNIT VALUE

DLLM 0.3500
LSWB DISA
GDCL G/C3 0.0
TPDM 8.700
FEPT NONE
RUB □ HMM 0.1000
NPCL 0.0
GRSH GAPI 70.00
NGSI NEIT
CLIM IN 16.00
BHT DEGF 139.5
MATR LIME
CDTS 100.0
FPHI PH I X
OD 0.0

NAME UNIT VALUE

GULM GAPI 30.00
MDET NEIT
GDSH G/C3 2.900
TPFM 7.200
FESX DISA
FCAL PRES
NPSH 0.5000
SPCL MV -200.0
PMAX 0.4000
UMUD LB7G 11.30
SUNI PRES
HC CALI
MDEN G7C3 2.710
DTF US/F 189.0
BHS □ PEN

NAME UNIT VALUE

BS INCH 7.875
NLIM 0.01000
FRTC MSFL
DRUL G7C3 0.3000
TPSM 7.200
POUT LIME
RUF □ HMM 0.02000
SPSH MV 0.0
GRCL GAPI 5.000
SINP GR
RXOF PRES
RTLF DISA
FD G/C3 1 . 100
DTM US7F 47.60



FILE NO.
COMPANY

Buckiss saltv/ateb disposalWELL

AST POPLARFIELD

OTHER SERVICES
1 V J • Jjja tr"C ■

PERMANENT DATUM ______ _
LOG MEASURED FROM '_J1_ 

DRILLING MEASURED FROM

Svse -V; 19§7 Porttxatlnt 

From r
1 Shot 

• •
DensityRUN NQ. Shots

gakka ray

DEPTH-DRILLER

dpSnoSE REMARKSDEPTH - LOGGER

LOGGED INTER

TOP LOGGED INTER

FLUID IN HOLE

THREETRUCK NO.

1 HOUR .tOPER. RIG TIME

RECORDED BY

WITNESSED BY

g.o.TORNADO JET

F17eM £X:ffl.{£AgLE.

COLLAR LOCATION OTHER SERVICES

Tuoln*Casing

MAR02-1115
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Cemeet IBoed ILog
FILE NO compap^ thxrs oil and gas corporation

i • .
!
1
| WELL BUCKLES SALT.’ ATER DISPOSAL ftl

I'
• i

1 FIELD '"AST POPLAR
!
1

!ii Countv ROOSEVELT State MONTANA ' I

ft

tp
i +v

location: 1803FNL 1353F.-.X
OTHER SERVICES

-------------------------------------------------- .---------------

PERMANENT DATUM

LOG MEASURED FROM

DRILLING MEASURED FRC

r T poor TEMP. SURVEY;
G, PI cu 2085 !

7*T r mT , , j
--------iftAjiiii---------- FT. ABOVE PERM. DATUM 1 El Pv . k. n 2C95'!

-------------------------------------------------------------------------------------- . „ 2 0£5 1

OATE • MAY 2.9» 1 98 1 1 Snot 1 No. of I Performing I Interval 1

RUN NO. I TWO ! Density 1 Soots [ From | To j

TYPE LOG CEMENT BOND j ! 1 • !

DEPTH-DRILLER
96l ! i ! i !

DEPTH - LOGGER
h9"ro ; ! | 1 j

LOGGED INTER.
“907 i 1 1 n

TOP LOGGED INTER. 0 1 ! i i

FLUID IN HOLE » 1 1 1 -1

LEVEL
i'TjLL “ 1 1 : ~T|

TRUCK NO.
three 1 t 1 1

OPER. RIG TIME 1 HOUR : i 1

RECORDED BY ONEIL l*|:

WITNESSED BY croft ! ; i : "

i 1
* f

----------------------- ----------- 1 ; l
1,1.

| | G un T y oe
| 1 anc Sia*

1 1 ! CASING RECORD

1 | Sire m. j- vveignt 1 From | To

COLLAR LOCATION OTHER SERVICES

Casing T u&ing Service T yoe Sire OeDtn

MAR02-1124
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CASING COLLAR LOG AND 
Schlumberger PERFORATING RECORD

OO
LlJ • — <
— 1 0
LP c

ar > 
< 2: 0 <■0

1— —ICO Z
_J Q_ —
UJ O ' Jl 0
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0 oo 0 CJ X
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COMPANY TEXAS OIL & GAS CORPORATION

WELL_

FIELD

BUCKLES NO.A-1

EAST POPLAR

COUNTY. ROOSEVELT ~ STATE MONTANA

Location: 1980' FNL 1980' FWL 

Sec. 22 Twp. 28N Rge. 5 1 E

GLPermanent Datum:_ _ _
Log Measured From_ _ _ _ _ _
Drilling Measured From KB

JIB.
_ _ _ _ _ _ _ _ _ _ ; Elev.: 2089

. 1 2 Ft. Above Perm. Datum

Date 8-1-8
PLUG BACK TOTAL DEPTH

Other Services: 

CIS
GR-PDC

Elev. K-B.2097
D.F.------
G-L.2085

Run No.

DRILLER- 5867
ONE_ _ _ _ _ _ _ _

I LOGGER-

DEPTHS BELOW RELATE TO: OPEN HOLE LOG MEASUREMENTS: ra
5868

: RADIOACTIVITY LOG MEASUREMENTS: C3
: SCHLUMBERGER LINE MEASUREMENTS: □

BORE HOLE RECORD
Hole Size From To

_ _ _ _ _ _ _ _ CAS NG RECORD
SizeType Weight From

CASING COLLARS PERFORAT NG DATA
No.Shots From To Gun Type Gun Size

5807 17 5796 5800 HD 2 -1 / a
5765 ■
5723 SET PACKER \T '56TO
5688

To
7T

2-7/8 TUBING'

SURF

ruRT

TD

56 10

HOLE FLUID DATA Opr. Rig Time: 1 - /2 HOURS
Type Fluid: WATER Truck No. 5825
Density: B-5? Location: WLSTN-4 05
Fluid Level: FULL Recorded By: SATTERF TTD r~T

Witnessed By: PERI US'
” *rlAK-o j 0 - -ii
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PERFORATION

RECORDING OF GUN POSITION

BEFORE PERFORATION

MPANY TEXAS OIL :• GAS CORPORATION SCHL. TD„5.868
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CASING COLLAR LOG

BEFORE PERFORATION

D
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CASING COLLAR LOG

AFTER PERFORATION

RECORDING OF GUN POSITION

BEFORE PERFORATION

COMPANY TEXAS OIL GAS CORPORATION

WELLBUCKLES NO.A-I 

FIELDEAST POPLAR 

COUNTY ROOSEVELT STATF MONTANA

SCHL. TD S8f)6 
DRLR TD SSf-,7

Elev:
KB 2097 
DF --- 
GL_ 203S

?£■

.W

f

f

'4fe?j><iSMass
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Prairie

COMPANY ' TEXAS’ OIL AND GAS
--------- :------------------------
CORPORATION

. • * • ‘

WELL BUCKLES SALTY/ATER DISPOSAL ;■?!

FIELD EAST POPLAR

County ROOSEVELT State MON']FAN A

FILE NO.

LOCATION:
1803FNL. 1353F\'.'L

SEC.'J=^_TWP. 28 N RGE. MIL

PERMANENT DATUM

LOG MEASURED FROM

G.L.
EIGHT

ELEV.
2085

DRILLING MEASUREO FROM K,B« -
FT. ABOVE PERM. DATUM

OTHER SERVICES

GAMMA RAY 
CEMENT BOND

ELEV.: K.B. 2093 
r., 2085

DATE : ' MAY 29.1981 Shot

Denglty

NO. of

Snots

Per totaling

From

t n t or l

ToRUN NO. THREE
TYPE LOG '• T3-LP, SURVEY
DEPTH-DRILLER 961
DEPTH - LOGGER 9115
LOGGED INTER. 909 - . . - -
TOP LOGGED INTER. 0
FLUID IN HOLE WATER
LEVEL MULL —

TRUCK NO. THREE
OPER. RIG TIME 1 HOUR
RECORDED BY ONEIL
WITNESSED BY CROFT

Gun Tyoo

ana Size

CASING RECORO

Size in. Weight From To

7 1? SURF 920

COLLAR LOCATION OTHER SERVICES

Casing Tuolng Service T ype Size Oeoth

MAR-837

MAR02-1140
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Schlumberger

SIMULTANEOUS

COMPENSATED NEUTRON 
FORMATION DENSITY

■{*v
&

>
bi
tnO
o
a:

€
*y

■ r-
K:
5

/£»•

IN

t
N
N

l/l 

Ui 
-J

U 
LU 3
in CQ

$

- Q. <f ^:~
o 5- ^ " -

■■•K) -*4- J >

•S
•St

T '*
tn
«s

uS

r^PAMf^fE^S^Ord-AND:"^SACORP^^.Wi^fe'

^ PRdDUCTION DEPT
WHK^-•-■ -r BUCKLES HO.-A-1

* * • .%; ,

FIELD
n "''s:U EAST POPLAR ' -" "

4AVS*.•~ • *-’■: ■ ■■'•• . ♦ .
COUNTY - ^ ROOSEVELT STATE MONTANA

- , r’ •- 1980'FNL - TgaO'FXL
< V ■' *

6 » * • , - . t *

API SERIAL NO. S€C. TV/P. RANGE

22 28N 51E

' Permanent Datum:. 
Log’Me-asured From. 
-Drilling Measured From.

GL Hev.: 2095
^ , 1 2 ft Above Perm. Datum
KB

Other Services: j

DLL/MSFL/GR
INT/BHC/GR

Elev.: K B. .203.7-
d.f:
G.L_2085j_

Date-. 4-16-81. - - * 1
Run No; • ONE I
Depth-^Driller 5938 4 1
Depth—Logger 5944 - - - - - - - - - - - - - - j—|

Btm.. Log interval 5942 T-i |

Top Log Interval SEE REMARKS - i 1
Casing—Driller 8-5/8® 1214 @ @ @ - • |

Casing—logger 1220 I

Bit Size 7-7/8
Type Fluid in Hole salt-iLOW SO LIDS -

Dens. .. Vise. 11.3 AJ____ ri
pH _ Fluid Loss 6.4 6 ml J ml ml -ml

Source of Sample MUD TANK 1
Pm (p) Meas. Temp. .056 @ 68 °F~ @ ‘F @ *F @ "i‘F
Rmf (a) Meas. Temp. .049 @ 68 'F @ *F @ *F @ TT
Rmc @ Meas. Temp. .084 @ 6R *F @ *F @ *F @ i‘F
Source: Rmf Rmc M 1 C 1 i
Rm (a) BHT .022 @ 18RF @ *F @ *F @ «*F

T
IM

E Circulation Stopped 4-16-0600 " ' -f'—i ’
Logger on Bottom- 4-16-1200 l

Max. Rec. Temp. 198 • -F *F *F - 'I*f
Equip.- Location 8135 WLSTN -4109 1- 1
Recorded By SACHAU
Witnessed By WALEN - PER IUS

MAR02-1149



me wen name, location ana oorenoie reference aara were rurnttnea ay tne customer.

obJ

U1O

er No.

A CL.
M.

ONE
^13161
FULL
130000
30

nIT DATA

ator

ator

’one!
ler (TTR)
ier (ORE)
leel (CPW)

Type
No.
S. O. — Inches -----

ION DATA

NLH-BC-429
PGC-G-105
PDH-E-21S
PGS-EC-2c0
GSR-J-50
SFT-106-1309
NLM-BC-429
CNC-A-13-9
NSR-FA-2C 28
CNB-AB-1634
SGC-JC-2S
CPU -CAA 35
HTU-D-27^ 5
OMU-CAA -3
CMP -BAB-195

50

62

ECC.
1

BKG. CPS
Source CPS
Sens. - Cal
T. C. - Cal

icing - Before Log
icing - Before Log
icing • After Log
icing - After Log
>re Log
>re Log
tr Log. _ .
ir Log

SEE CAL I E RAT I ON SUMMARY LISTING:

LOGGING DATA

SCALE CHANGES:
rOPH'OLEType Log

JzfL
-0NL
-00-
at

Depth
-5200.
.4902-
-4902-
JL503
1168

REMARKS:

0-200
45/-15
45Zjl15_
60/0
0-100

DOWNHOLE
Q-1QQ
3Q/-1Q
30/-10

a45/-15
0-200

FDC LR (5) 3909'

CNL - GR -LQGGE0
T cTryTi -EROM-
1503' - 4' \JT

SM.

t^t

&
JUL_

PTH CNP FDC GR

Bottom
Porosity
Scale Matrix Auto Corr. or 

Hole Size Setting
Porosity
Scale

Grain
Density

Liquid
Density

Hole
Fluid

Sens.
Logged D.C. Zero.

Div.
Left

Scale
Per

100 Div.
TD 30/-10 L.S, AUTO 30/-10 2.71 1.1 LI0 100 1 0 100
5200 30/-10 L.S. AUTO 30/-10 2.71 1.1 LIO 200 1 0 200
4902 45/-15 L.S. AUTO 45/-15 2.71 1.1 JJ-Q_ _ _2 QSL 1 0 200
1503 60/0 L.S. AUTO 45/-15 2.71 1.1 LIO 200 1 0 200
1168 60/0 L.S. AUTO 45/-15 JL11_ 1 .1 JJfi- 100 JL.JL

pretotion* ote opinion* bo*ed on inference* from electrical or other meoturemonii and we cannot. and do not guoronlee the occurocy or correctneu of any inter* 
n». ond we iholl not. eaeept in the coie of gro»» or willful negligence on our port, be lioble or retponiible for any loti, cotit, domogos or expentoi incurred or 
d bv onvone re*uflino from onv inieroretotion mode b* on* of our officer*, oannit or nmnloveet. The»e intnrorelation* ore ol*n luKiert In nn» fieneml Term*



L
-Z

O
H

V
IA

I
LOGGING DATA

DEPTH CNP FDC GR

Top Bottom
Porosity
Scale Matrix Auto Corr. or 

Hole Size Setting
Poro*ily
Scale

Grain
Density

Liquid
Density

Hole
Fluid

Sens.
Logged D.C. Zero.

Div.
Left

Scale
Per

100 Div.
5200 TD 30/-10 Lj-S. _ AUTO 30/-10 2.71 1.1 L10 100 1 0 100 '4902 5200 30/-10 L.S. AUTO 30/ -10 2.71 1.1 L.10 200 1 0 200
3909 4902 45/-15 L.S . AUTO 45/ -15 2.71 1.1 L10 200 1 0 200
1168 1503 60/0 L.S. AUTO 45/-15 2,71 1.1 LIQ 200 1 0 200
4 1168 60/0 L.S. AUTO 45/-15 2.71 __LJ__ L19 100 j 9 100

All interprefotiom oie opinions bosed on inferences Irom olocirrcol o> other meoiurementt and wo cannot, ond do not guoror 
prefaliont, ond we shell not, e*cept in (he cose of grot* or willful negligenco on our part, bo lloble or responsible (or any 
sustained by onyone resulting trom ony inlerpretotion mode by ony of our officer*, ogonti or employees. These interpretation 
Condition* o\ set out in our current Price Schedule

tee the acct 
ost, costs, d 

s are also it

racy oi co 
omoges or 
bject to o

rrednest

ofpenic ur Cenerc
of ony in 
i incurrec 
>1 Terms

ter*
or

ond

AFTER SURVEY TOOL CHECK SUMMARY

PERFORMED! 81/04/16
PROGRAM FILE! ISN (VERSION 18.2 80/08/23)

CNTA TOOL CHECK

JIG
BEFORE AFTER

NRAT 2.180 2.145

POROSITY CHANGE <LIME)l -0.004
• 1

r* PGTE tool CHECK

JIG
—---- • BEFORE AFTER ..... . UNITS
, FFDC 333     333 CPS

V- '* ** •
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FILE

PARAMETERS

AME UNIT VALUE NAME UNIT VALUE NAME UNIT VALUE ' i

C CALI PSNR 2.210 BS INCH 7.873

!

DEN G/C3 2.710 FD G/C3 1. 100 MATR LIME Vij
HF HATE
□ 0.0 BHS CASE FPHI PHIX

CALKIN >
0 16.00

GR CGAPI) TENSCLB )
100.0 10000. 0.0

CALKIN )
________________________

___L_UMfS.TQNE.___
4_______________ £6,00 0.6000 ______________________SUL
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ON
4i

5

CALI<IN )
>.000 16.00

GR (GAPI) TENSCLB )
1.0 200.0 10000. 0.0

CALI<IN ) NPHI < ) LIMESTONE

16,00 26.00 0. 6000 0.0

PARAMETERS

NAME UNIT VALUE NAME UNIT VALUE NAME UNIT VALUE

HC CALI PSNR 2.210 BS INCH 7.873
MDEN G/C3 2.710 FD G/C3 1.100 MATR LIME
BHF , HATE
DD 0.0 BHS □ PEN

t
FPH I PH I X

____ 1 •

— Neutron Porosity SCALE CHANGE -y

PARAMETERS

T

NAME UNIT VALUE NAME UNIT VALUE NAME UNIT VALUE

HC CALI PSNR 2.210 BS INCH 7.873
MDEN G/C3 2.710 FD G/C3 1 . 100 MATR LIME
BHF HATE
DO 0.0 BHS □ PEN FPH I PH IX

CALI<IN ) TENS < LB >
;. 0 0 0 16.00 10000. 0.0
_______ OR. < GAP I ) DPHI ( __ ) LIMESTONE
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HC CALI
MDEN G/C3 2.710 
BHF MATE
DO

O
•

o

6.000
CALI<IN )

16.00
GR _<GAPI)

0.0 200.0
CALI<IN )

16.00 26.00

PSNR
FD

BHS

G7C3
2.210
1. 100

□ PEN

BS INCH 7.873
MATR LIME

FPHI PH IX

TENS <LB )
10000 . o.O

_________________________ DPHI( > LIMESTONF
0.4500 -0.150

______________________ _NPHI_( _____L1LMESJONE
0.4500 -0.130

SECTION NOT LOGGED

~ Nbt>T '071

JensityPorosity LR
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CALK IN )

DPHK

TENS < LB )
000

GR

16.00
< GAPI )

10000. 0.0 
> LIMESTONE

0 100.0 0.3000 -0. 100
CALK IN ) NPHK > LIMESTONE

>.00 26.00 0.3000 -0. 100

- »

PARAMETERS

NAME UNIT VALUE NAME UNIT VALUE NAME UNIT VALUE

HC CALI PSNR 2.210 BS INCH 7.873
MDEN G/C3 2.710 . FD G/C3 1.100 MATR LIME
BHF UATE
DC 0.0 BHS □ PEN FPH I PH I X .

PARAMETERS

NAME UNIT VALUE NAME UNIT VALUE NAME UNIT VALUE

HC CALI PSNR 2.210 BS. INCH 7.873
MDEN G/C3 A 4 Ac • r i u FD G/C3 1 .10 0 MATR LIME
BHF HATE
DO 0.0 BHS □ PEN FPH I PH IX

CALK IN ) TENS< LB >
.000 16.00 10000. 0.0

GR < GAP I) DPHK > LIMESTONE

. 0 100.0 0.3000 -0. 100
CALK IN > NPHK ) LIMESTONF

5.00 26,00 0.3000 -0. 100
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CALIUN _>
6.000 16.00 

GR CGAPI)________
0.0 100.0

CALKIN )

TENS<LB )
10000. 0.0

DPHI< ) LIMESTONE

0.3000
MPHI <

-0.100
_____ 2 LIMESTONE



'M
A

R
02-.il 86

PARAMETERS

NAME UNIT VALUE NAME UNIT VALUE NAME UNIT VALUE

HC CALI PSNR 2.210 BS INCH 7.875
MDEN G/C3 2.710 FD G/C3 1.100 MATR LIME
BHF HATE
DO

1
0.0 BHS □ PEN FPH I PH IX

NAME UNIT VALUE

PARAMETERS

NAME UNIT VALUE NAME UNIT VALUE

HC
MDEN G/C3

CALI
2.710

PSNR
FD G/C3

2.210
1.100

BS
MATR

INCH 7.873
LIME

BHF
DQ

UATE
0.0 BHS OPEN FPHI PH IX

_ _ _ _ _ _ CALL<JL!L_*______
,.000 16.00

GR <GAPI> TENS(LB >
- •0 200.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .-0.030 0.4300 10000. 0.0

CALKIN ) RHQB<G/C3)
£j£2___________26-0° 2.000 _________ ;______ 2JUUL

FILE

4





88
U
-«
m
vw



M
A

R
02-U

89



M
A

R
02-1190

4300

4400



4400

4500



M
A

R
02-1192





M
A

R
02-1194



I

4900

5000





,6
U

-t
O

H
V

W



M
A

R
02-1198

5300

5400



66
1V

-I
0H

V
W



M
A

R
02-1200



,0
U

-1
0-

8V
W



5800

5900



1 1 1 x

5900

FR

1 f/ ' n?r l L)l NSI rY • >-
CT- *3N _<V >

>•

L_ *

f'
»

* IK

“O rf <—
---->

V,_ S:
--^ *> <
• •

•

=*"
— . . • »

— __
—> . ' r-- '^s'r

’JL_
f-—

• - ' ” -v-L— ----* =R
FILE

4

CALKIN )
6.000 16.00

GR < GAP I> PRHQ<G/C3> TENS <LB )
0.0 100.0

QfikUJLN_>
-0.050 0.4500

RHDBC
10000. 0.0
G/C3 )

16.00__________ 26.00 2.000 3.000

PARAMETERS

NAME UNIT VALUE NAME UNIT VALUE NAME UNIT VALUE
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0-

av
vi

nutn
BHF
DD

U/C3 <L.71U 
UATE
0.0

FD

BHS

G/C3 1. 100

□ PEN

MATR

FPHI

LIME

PH IX
•

•

PARAMETERS

N*ME UNIT VALUE NAME UNIT VALUE NAME UNIT VALUE

HC . CALI PSNR 2.210 BS INCH 7.873
MDEN G/C3 2.710 FD G/C3 1. 100 MATR LIME
BHF UATE
DD 0.0 BHS □ PEN FPH I PH IX

000
CALKIN >

GR ^GAPI )
16.00

DRHD < G/Q3 > TENS<LB )
0 100.0 -0.050 0.4500 10000. 0.0

CALKIN ) RHDBCG/C3)
xM.

26.Q0j
2.000 __ 3.000

FILE
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CALKIN )
000 16.00

i
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PARAMETERS

NAME UNIT VALUE NAME UNIT VALUE NAME UNIT VALUE

HC‘ CALI PSNR 2.210 BS INCH 7.873
MDEN G/C3 2.710 FD G/C3 1.100 MATR LIME
BHF HATE .
DO 0.0 BHS OPEN FPHI PH IX

BEFORE SURVEY CALIBRATION SUMMARY



PROGRAM FILEi ISM (VERSION 18.2 80/08/23)

SGTE DETECTOR CALIBRATION SUMMARY

GR

MEASURED
BKGD JIG

40 197
CALIBRATED

165
UNITS
GAPI

CNTA DETECTOR CALIBRATION SUMMARY

NRAT
INPUT
2.210

TANK
CALIBRATED 

2. 158

JIG
MEASURED
2.232

CALIBRATED 
2. 180

PGTE DETECTOR CALIBRATION SUMMARY

FFDC
NFDC

INPUT
554
769

BLOCK
CALIBRATED

337
528

JIG
MEASURED

548
754

CALIBRATED
333
517

PGTE CALIPER CALIBRATION SUMMARY

CALI

MEASURED
SMALL LARGE
7.1 10.4

FILE

CALIBRATED
SMALL LARGE
8.0 12.0

2

SHOP SUMMARY

PERFORMEDi 81/03/17
^ PROGRAM FILE* SHOP (VERSION 18.2 80/ 4/29)

>
JO
g CNTA DETECTOR CALIBRATION SUMMARY

I)—*
o TANK JIG
00 MEASURED CALIBRATED MEASURED CALIBRATED

NRAT 2.210 2.158 2.203 2.151

UNITS
CPS
CPS

UNITS
IN

(CNCi1339 » CNBl1634 )
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PERFDRMEDi 81/03/17
PROGRAM FILEi SHOP (VERSION 18.2 80/ 4/29)

CNT A

NRAT

DETECTOR CALIBRATION SUMMARY

TAHK jig
MEASURED CALIBRATED MEASURED CALIBRATED

2.210 2.158 2.203 2.151

(CNCi1339 » CNBi1634 )

PGTE DETECTOR CALIBRATION SUMMARY

BLOCK JIG
MEASURED CALIBRATED MEASURED CALIBRATED UNITS

FFDC 554 337 551 335 CPS
NFDC 769 528 767 526 CPS

<PCSiC230 » PDHIE219 » GSRI5076 » SFT » 1309 )

COMPANY TEXAS OIL AND GAS CORP. srm FR 5942

BUCKLES NO. A-1
SCHL. TD 5944

WELl______ DRl R TD 5938

FIELD EAST POPLAR FIpv? KB 2097
DF —

COUNTY ROOSEVELT STATF MONTANA Gl_ 2085
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CQMPANV>TEXAS OIL AND GAS corp;^^.^^

^ ^ PRQDaCTlON DEPT. ^
:‘Y . m V

WELL ^ buckles: no^ a-i ^

' «i I5*.. '

FIELD. EAST POPLAR
•-fV.:-/'

V. * *4 .*»

CQUNTY ^ROOSEVELT STATE MONTANA

1980'FNL - 1980'FWL

API SERIAL NO.

.-At;,.,, 'v
SEC.

22
TWP

28N
RANGE

51E

-I: 'v,. .Permanent' Datum: •
;^ Log Measured From — 
...Drilling Measured From.

JiL. Elev.:_2QB5.
KB 12 .Ft. Above Perm. Datum

JSfi.

Date
Run. No. •

Depth—Driller
Depth—Logger (Schl.)
Btm. Log Interval
Top Log Interval
Casing—Driller
Casing—Logger.
Bit. Size
Type Fluid in Hole

Dens. Vise.
pH | Fluid Lots

Source of Sample 
Am @ Meat. Temp.
Rmf @ Meas. Temp. 
Rmc @ Meat. Temp.

Source: Rmf 
Rm @ BHT;

“ Circulation Stopped
fz Logger on Bottom

Max.- Rec/Temp.
Equip. Location
Recorded By • .. 
Witnessed By 4

.4-IB-81
Q&L.
5.938
5944
5943
1220
8-5/8@ 1214
1220
7-.7/B
SALT-LOW SO
T1 ; 3.
6.4

-IDS
41

ml
HUD TANK
.056 @ 68 ’f
.049 @ 68 *F
,084 @ 68 ‘F

M.
.022 @ 188F
4-16-0600
4-16-0920
IBB.
8135 IWLSTN
SACHAU
WALEN - PERUUS

@

ml

@ *F
@ *F
@ *F

@ *F

•F
■4109

Other Services:

FDC/CNL/GR
INT/BHC/GR

Elev.: If B 2097
DF -----

■*. r.i 2085

@
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@ *F
*F

@ *F

@ *F

*F

@

. mi

@
@
@

@
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muPANlY TEXAS OIL AND GAS CORP.

pnnrii IPTION DEPT**
—: ri'vL''JvtlU 1 “

WFII BUCKLES NO. A-1

FlFin EAST POPLAR

cntINTY ROOSEVELT STATE MONTANA

$ 1980'FNL - 1980'FWL Other Service!:

FDC/CNL/GR
INT/BHC/GR

L
O
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A
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N

W
ill

Z
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o
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111 API SCftiAL NO. see. TWP R

___ 22 ____28N___
ANGE 1

51E_____

I Permanent Datur Elc

L

v, if n 2097
:KB 12 -t. Above Perm. Datum

1
of -----

1 Drilling Mitaiumrl From KB g.l 2085

Dote 4-16-81
Run No. ONE
Depth—Driller 5938
Depth—Logger (Schl.) 5944
Btm. Log Interval 5943
Top log Interval 1220
Caring—Driller 8-5/8@ 1214 @ @ @
Caiing—Logger. 1220
Bit Size 7-7/8
Type Fluid in Hole SALT-LOW SO .IDS

Deni. | Viie. 11.3 141
pH | Fluid Lou 6.4 | 6 ml ml ml ml |

Source of Sample MUD TANK
Pm @ Meat. Temp. .056 @ 68-F @ "F @ "F @ ‘F
Pmf @ Meal. Temp .049 @ 68 *F @ 'F @ ’F @ -F
Rmc @ Mem. Temp .084 @ 68 ‘T @ "F @ -F @ 'F
Source: Rmf | Rmc M 1 C 1 1 1
»m @ BUT .022 @ 188F @ *F @ "F @ -F
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AFTER SURVEY TOOL CHECK SUMMARY

PERFORMED! 81/04/16
PROGRAM FILE! MILL (VERSION 18.2 80/08/29)

DSTB TOOL CHECK

PLUS
BEFORE AFTER UNITS

LLS 31.60 31.69 OHM
LLD 31.60 31.73 OHM

DST • TOOL CHECK

ZERO PLUS
BEFORE AFTER BEFORE AFTER UNITS

CMSF 0.0 -0.0 999.9 999.4 MM/M
11 0.0 -1.2 199.9 210.8 MM/M

FILE

8

PARAMETERS ... .

MAME UNIT VALUE NAME UNIT VALUE NAME UNIT VALUE

FPHI
DO

PH IX
0.0

SPT
BHS

STAN
OPEN

BS INCH 7.873

CALKIN ) LLD (0HMM) TENS(LB )
.00 26.00 2000 . 200000 10000. 0.0

CAJriUti L LLS (OHMM)
)00 16.00 0.2000 2000.

GR (GAP I> LLD (OHMM)
) 200.0 0.2000 —sm.

FILE
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6

CALKIN > LLD <DHMM> 1 TENS<LB >
i.00 26.00 2000 . 200000

lioooo.
0.0

£AkLUti > LLS DHMM )
.000 16.00 0.2000 2000.

GR <GAPI> LLD CDHMM)
.0 100.0 0.2000 " 2000.

PARAMETERS

NAME UNIT VALUE NAME UNIT VALUE NAME UNIT VALUE

FPHI PH IX SPT STAN BS INCH 7.875
DO 0.0 BHS □ PEN

PARAMETERS 1
NAME UNIT VALUE NAME UNIT VALUE NAME UNIT VALUE

FPHI PHIX SPT STAN BS INCH 7.875
DD ' 0.0 BHS OPEN

iU OWNfU _ TENS<LB >
2000. 200000 10000. 0.0

CALKIN > . LLS <QHMM>
.00 26.00 0.2000 2000 .

QBUiifL > LLD (DHMM)
)00 16.00 0.2000 2000.

r* r\ / ^ a * V »%< • A '
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GR CGAPI) RXO 1

2______ -___________ SM.Lj 0.2000
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LLD <OHMM> TENS < LB >
2000 . 200000 110000 . 0.0

CALKIN > LLS <ayrijt>
10 26.00 0.2000 2000.

. £«JrlUft_
i0

>
16.00 0.2000

LLD COHMfD
2000.

GR < GAPI> RXO (GHMM)
________________ 100.Q 0.2000 2000.

PARAMETERS

IAME UNIT VALUE NAME UNIT VALUE NAME UNIT VALUE

PHI
m

PHIX
0.0

SPT
BHS

STAN
OPEN

BS INCH 7. 873

PARAMETERS

IAME UNIT VALUE NAME UNIT VALUE NAME UNIT VALUE

PHI PHIX SPT STAN BS INCH 7.873
<□ 0.0 BHS □ PEN

CALKIN >

---------_LLJL iflHWU ..... TENS < LB >
2000. 200000 10000. 0.0 

................................................... .LLS..SP-HMfO . ..
0 26.00

. CALKIN L
0 16.00

GR (GAPI)

0.2000 8000.

LLD <OHMM2
0.2000 2000.

RXO <OHMM>
100.0 0.2000 2000.

FILE
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5800
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_________Urfi.JQ.Hm> TENS(LB )
2000. 200000 10000 . 0.0

CALI< IN 5__ . _ LLS. _(QHMM>
26.00 0.2000 2000 .

.JJflklLIJH )
16.00 0.2000

LLD (OHMM)
2000 .

GR (GAPI) RX0 (OHMM)
100.0 0.2000 2000.

PARAMETERS

ME UNIT VALUE NAME UNIT VALUE NAME UNIT VALUE

HI PH IX
0 . 0

SPT
BHS

STAN
OPEN

BS INCH 7. 875

BEFORE SURVEY CALIBRATION SUMMARY

3ERFORMEDi 81/04/16
3ROGRAM FILEl MILL (VERSION 18.2 80/08/29)

fB ELECTRONICS CALIBRATION SUMMARY

MEASURED CALIBRATED ' UNITS
LLS 33.31 31.60 OHM
LLD 33.40 31.60 OHM

n ELECTRONICS CALIBRATION SUMMARY

MEASURED CALIBRATED
ZERO PLUS ZERO PLUS UNITS

:msf 0.2 1008. 0.0 999.9 MM/M
11 -0.4 151.0 0.0 199.9 MM/M

-E DETECTOR CALIBRATION SUMMARY

MEASURED
BKGD JIG CALIBRATED

GR 33 208 163
UNITS
GAP!

IT CALIPER CALIBRATION SUMMARY

MEASURED 
SMALL LARGE 

:ALI 6.2 9.9
FILE

CALIBRATED
SMALL LARGE UNITS
8.0 12.0 IN

4

.NY TEXAS OIL AND GAS CORP. SCHL FR__5943
SCHL. TD 5944



B| MEASURED CALIBRATED
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SMALL LARGE SMALL LARGE UNITS
. CALI 6.2 9.9 8.0 12.0 IN

K, FILE
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A
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BEFORE THE OIL AND GAS CONSERVATION COMMISSION

OF THE STATE OF MONTANA

IN THE -MATTER OF THE APPLICATE ON OF 

MESA PETROLEUM COMPANY FOR PERMIT TO 

INJECT WATER INTO THE JUDITH RIVER 

FORMATION, POPLAR FIELD, ROOSEVELT 

COUNTY, MONTANA.

APPLICATION

COMES NOW the applicant, MESA PETROLEUM COMPANY, and in 

support of its application as above entitled, respectfully shows 

to the Oil and Gas Conservation Commission of Montana, that:

1. Mesa Petroleum Company has submitted to the Montana oil

• and Gas Conservation Commission a Notice of Intent to

drill a water injection well at the following location:

1750' FSL and 140' FWL Sec. 22 T28N-R51E 
Roosevelt County, Montana.

2. Mesa Petroleum Company has completed a producing oil 

well known as the Biere No. 1-22, NW 6W Section 22-

Township 28 North, Range 51 East, Poplar Field, Roosevelt County, 

which will be served by the proposed water injection well.

3. The Biere No. 1-22 is completed in the Charles 'C' 

Formation with a notch in casing at 5790' and is

presently shut-in pending installation of surface production equip

ment and salt water disposal facilities.

4. The proposed injection formation is the Judith River 

zone located at a depth of approximately 698' - 878'

in the Mesa Petroleum Company Biere.No. 1-22 and is described as a 

fine to medium grained sandstone.

5. The top of the Judith River Formation is found at 

+1388 feet above sea level in the Mesa Petroleum

Company Biere No. 1-22.

6. Attached as Exhibit 'A' is a portion of the Laterolog- 

Gamma Ray Log of the Mesa Petroleum Company Biere No.

V MAR02-1266



1-22 marked to show the approximate top and base of the Judith 

River Formation.

7. The proposed injection well will be drilled to a 

depth of approximately 1000’, cased with 8-5/8"

pipe and cemented to the surface. The lower portion of the Judith 

River Formation will be perforated and stimulated as necessary to 

obtain adequate injection rates..-

8. It is anticipated that approximately 1000 barrels 

per day of produced water from the Charles *C'

formation in the Mesa Petroleum Company Biere No. 1-22 will be 

injected into the proposed input well.

9. Mesa Petroleum Company with Post Office address.

Box 2009, Amarillo, Texas, is the operator of the

Biere No. 1-22 producing well and will operate the proposed salt 

water disposal well and injection system.

10. Attached as Exhibit 'B' is a plat showing the pro

posed injection well location and the Mesa Petroleum 

Company Biere No. 1-22. There are no drilling or producing wells 

or wells which have produced, other than the Mesa Petroleum Com

pany Biere No. 1-22, NW SW Section 22 - Township 28 North, Range 

51 East, within the one-half mile radius of the'proposed salt water 

disposal well.

WHEREFORE, Mesa Petroleum Company requests that it be 

permitted to drill a water disposal well and inject produced salt 

water from the Charles ‘C* zone into the Judith River Formation in 

said disposal well as heretofore set forth.

Respectfully submitted:

THE PETROLEUM ENGINEERING & MANAGEMENT 
CORPORATION

Consultant for Applicant 
250 Securities Building 
Billings, Montana 59101

-2-
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MESA PE LEUM CO. 

ED WATER

POPLAR. FIELD . 

ROOSEVELT COUNTY, MONTANA

EXHIBIT 'B'
.Ronald D. Ragland

6/16/70

• t *r

MA.R02-1269
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iry tools were used from------- r---------- -
le tools were used from-----------------------
,1 Ht-pth 998___ ft.; Plugged back to.

PERFORATION*

From
T9"6“
"804"

812
~~E25~

Interval
I “Tfo

Number end 
SUe end Type

“BUD"
808
820
834

9-378 Jet 
~~9^578 Jet" 
17-3/8 Jet 
19-3/8 Jet

-------------------- .tO------ ---------------------;----
tO_----------- ------------------

950________T.D.; Open hole from.

ACIDIZED, SHOT, SAND FRACBD, CEMHNTBD

Interval Amount of
Material Uted Preaiure

From To

796 BUD ~ “50U Gal. 15% HOI" 400#

(If PfcA etaow plug* above)

INITIAL BKDEHEBXWEQBf S.W.D.

injecting in

Veil
.Tndith River (pool) formation. Initial injection 966 B.W.D. 

• at 390 P.S.I.

:.p .barrels of oil per. .hours----- -------------------
(pumptof or flowing)

__Mcf of gas per--
Panels of water per.

_hours.
___ hours, or. % W.C.

(ovea)
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' INITIAL PRODUCTION—(Continued)

ial 10-day average production________________________— (bbl./day) (if taken)
>sures (if measured): Tubing---------------------------- psi flowing; —.--------------------

Casing______________ ____ psi flowing;----------- !-------------
vity° API (corrected to 60° F.)

. DRILL STEM TESTS

8.T.
to. From To

Tool Open 
(Min.) Shut-In Fi*. SAP.* Hecorerir . Ciuhlon

None

J

LOGS RUN

psi shut-in 
psi shut-in

FORMATION RECORD

From To SAMPLE AND CORE NO. AND DESCRIPTION Top of PonatUon

MAR02-1271
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OIL AMO GAS CONSERVATION COMMISSION 

Or THE STATE OF MONTANA

BILLINGS O* SHELBY
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t t*i« ro*w iero«n * W^%«rr • *r* n aant*
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X>*«M
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LiASE ?iere

MONTANA
tau»t>

Roosevelt
.Cowntj .

Pop]a r
ifMlQ .

>H No. ***re -IA-! (SUD)

Th* veil it localrd . 1750

22

ll Irom ■

23H
n*m’n**Uei

■ line and no t\ from (
line ol £L-c. 72

LOCATI ACClTUiriiT ON ?XAT ON AAOt Or T*tS /©*3I Tat WILL LOCATX)N. JJCD J5»OA LXAS£ BOUNDARY 
Tbe «le-e»Lon W the itmfk (loor atxiv* ihe w« irviri u 2M7 11 .......................

XTAD CaACTUU/Y

(SUM W

>HfUU cr C<r XIAD CAXXniLLY

ii*4 lift*.

•M tiyi^ to »hmW. avv MM. aw4 iMatfl** *rf KM wi iin»<i. x*w>/WKU. *m4 U) MK«f UK irhH >■« 4 w\. «fl >M*iy MwMl Xt^KH4. 7nm*n«| »
stfTAJXJ vr wax 

■erann.T

M**j Tetroleiaa Co. propones to pin* this veil as th* 31ar» 1-22 oil veil 1j ao longer 
•concuic to produce. Subject veil naa TDed at W, vith J 3/3“ caning »«t at JM'. 
and 5 1/2" casing set at 749'. Xeti* propose* to *et a caat iron brldjc plug at 7*0', 
above perforation* at 7W-334'. Till 5 1/2" caning tritn cie;—.c irrss 740‘ to euri**«-«. 
Set dry hole akarker. 'ioth 3 5/3" arid 5 1/2“ casings verc ctsaontad to surface.

Mm

pc- cfivro

JUL 31 19^

Approve aubyrcl lo coodiuoru oo rfvtrw of form

Du* JUL 13 H8A
CsnCJKAi. ctv-r DCnto or:

3\ Cues f. rUMipuiT. f Uai Veoimcar
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LOG OF WELL
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"I T.r. I2MM
.•12-320.

COMUDON arryiwi
lotaay ioo*i vara wad 
Chbta Knit varexwd bom 
Total daf*
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I w« Hr | iM'BMTT IN Qt ADimiCAUl 
TOU«IIAl RI'LIIMi r*: in. lu n» id i OIL AND GAS CONSERVATION COMMISSION 

OF THE STATE OF MONTANA 
BILLINGS OR SHELBY

SUNDRY NOTICES AND REPORT Of W&LS

k«Tli i
TSH t HU H HirriHIt ArtlHtt Ml% llAHriHAfr»(.V||. «v *«.»M

Ot tN| <

HMN' •1 U ©till Ukwtottii It*part *4 ©out iKot*o(l

KMI' * •f IHIMIIOR to Ckoatfa h**» labu^wMl of IWo4»|. Ar«4iiiA| ( fowatiif

*041" of |iM»r.n»n to Tnl H«lor Ualull l«ka*t»a«l ItBart *4 A(lrna| < oatOf

Nmk » •r iHiewiian to Httf’ill Of RfM" HfU • akutartl Rt)«n 9* RfinUiaf ** lrpa<l

S*n«t or )aif i,l«M tr AM wot. Afi4i<» of ( tofkf latwtofal At ^on a* Attafanofal . x •
Halil a of (Hie IV’.rSR l*. Toll or Alt" 4 nm| Hell Mlttorx

Not* • al IM»MWk it. 4 0**400 Hall B*H«t of lfaft«fM|

Al«u *> CHu MtH «l Atpoft Smmi. o* OU»( UtUi

September 26 . 1£
Tc X. * :r.r a Rf®OCoO^©rooOOCTOOCOCOA< o: land r*« nrd • d’-irnbrd a: fc.io*- 

*•' vc*:» d t bcmn/Aft t

t < r-
lease Biere

• Count) .
Poplar

• »
28N
llitWIUAit*' «Mmdur.

..MONTANA toosevelt
* *. •

w,i: x.w Bicrr «A-1 (SWD) ___ 22
-------~ »*r *r. .

Th< »cN i> locaird 17S0 ft frorr.^ ^ ' lin<- and HO . fl Iron/ Jlinr of Sec 22

LOCATE ACCl UTiLY ON FLAT ON OACR OF THIS FORM THE WELL LOCATION. AND SHOW LEASE OOl'KDAKY 
Th, tl.ialion of Iht derrick floor abovr Oi* wi Irrri u- 2087* Kid-

HEAP CAHEFVLI.Y RETAILS OF PLAN or WORK READ CAREFULLY
f-"* - »•; »wS rt|i*i ire #• nh* |h *4')* < ‘ • » hA uhw sjt mift’ snd « ■ $/• pb<wi3 loMi.f • MtOx«u fnwMmf poC •

iiituMm# *1) *Vdt m«druni yxu'rc •art portsr«Ao')) «U rew«*)*•» |x>»ur.f A< tG^u* IrortHtu^ •

MTAILS Ol KOU 
RESULT

Subject well was plugged on. 9/15/84 by filling 5-1/2“ casing and tubing with 250 sxs Cl *H* 
cervot. Cut casing 4' below arovnd level. Helded cap cn casing.
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Form No. 2

GENERAL RULES 
201. 202, 213.
216, 219. 233.1

- ') ^< \'. \l (u
(SUBMIT IN QUADRUPLICAprfci('

/K-‘
OIL AND GAS CONSERVATION C0M%5$Mty f‘ 

OF THE STATE OF-----

TO

‘ 1

BILUNGS OR SHEI

MONTANA4/"!/^ ,/>A. j
lELB*-- i-',3/

V--,

NOTICE
.(THIS FORM BECOMES A 

PERMIT WHEN STAMPED 
APPROVED BY AN AGENT 
Ofl THE COMMISSION.

tj.

,,'V
SUNDRY NOTICES AND REPORT 0F^VVELLS 7;:

Notice of Intention-to Drill Water In j ectilon xil Subsequent Report of Water Shut-off |

Notice of Intention to Change Plans
Subsequent Report of Shooting, Acidizing, Cementing |

Notice of Intention to Test Water Shut-off Subsequent Report of Altering Casing
*

Notice of Intention to RcdriM or Repair Well Subsequent Report of Redrilling or Repair

Notice of Intention to Shoot. Acidize, or Cement ♦ Subsequent Report of Abandonment

Notice of Intention to Pull or Alter Casing
i

Supplementary Well History

Notice of Intention to* Abandon Well
li Report of Fracturing

itl!

(Indicate Above by Check Mark Nature of Report, Notice, or Other Data)

June 16 ......... 19.70

Following is a )n°Uce °( intention to do work /. on ]an(j 1 [described as folio
tojKJOKfeSKXfeC34WK \ I I leased I _ . _

LEASE....Blere

Well No..

..MONTANA..
(Stale)

1 - w

a Roosevelt Poplar

The well is located_•LZ.5.9........-

(County)

22 28 N.
(m. sec.) (Township)

..ft. from | ^ j-line and ..........-k4..Q.............ft. from j ^ |

(Field)

51 E:__
(Range)

I line of Sec__

(Meridian)

22

LOCATE ACCURATELY ON PLAT ON BACK OF THIS FORM THE WELL LOCATION, AND SHOW LEASE BOUNDARY
• ground

The elevation of the !4&£XtBlocK36K above the sea level is...“..Y../..~......„............. ....................

READ CAREFULLY DETAILS OF PLAN OF WORK READ CAREFULLY
(State names o! and expected depths to objective sands; show size, weights, and lengths ol proposed casings; indicate mudding jobs, 

cementing points, and all other important proposed work, particularly all details results Shooting. Acidizing. Fracturing.)

DETAILS OF WORK 
RESULT

Objective sand - Judith River 

Casing - 8 -5/8" cemented to surface from approximately 1000'

MAJR02-1275

CORES MiD OcrAiil.?- NO.' REQUIRED.

Approved subject to conditions on reverse of form

COMMISSION USE ONLY 

API WELL NUMBER

AMOUNT RECEIVED- 7TZ7~^ 
DRILLING PERMIT 

RECEIPT

Titie Petroleum Engineer Consultant

250 Securities Bldg., Billings,
Address

Montana..5’9’10T

NOTE:__ H ('ports on (his lorm lo lie submitted lo the District Acenl (or Approval in Quadruplicate

WHEN USED AS PERM IT TO DRILL, THIS EXPIRES !)0 DAYS FROM DATE OF APPROVAL. 

OVER ‘
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g«
l

N o t . c i

THit ro*M 0 ( COW 11 * r*f*wir wx(n tuwp(o **'«0vt0 • * AN A 0 ( N T 

or TMI IOAHO.

*07 (3tTBMTT fN QUADRUPLICATE) V

TO

SOAJO Of Oil ANO GAS CONJIRYATION 
Of THE STATE Of MONTANA

BILLINGS OR SHELBY

SUNDRY NOTICES AND REPORT OF WIILS

MAC 36-1.1 SU3V *1*030 
MAC 36-3.1 *<1 OF* I *034 
MAC 3«-3.1 SO 0 V AI • 140 
MAC 36-3.16001-6161 70 
MAC 36-3.1 64101-6163 00 
MAC 36-3.1 *001-616310 
MAC 36 3.160 0>6I*330 
MAC 36 3.1S(1I.<-*1S3«0

I ' 1.( |M,I. O' III__ __________2_....._.,.t*"V*.V_V**'1. T1 ____ __-i.
j, .1 II.I.IMI.- i« c»»i>i«jrui»jI »«p«ri ^ »>•♦«"»« A»«HIM. :

,f I.I.M... 10 Toil__ U «i«. 10OI--I______________l____________ • ly»»|.l»l «'M'I »> *"«'!». C»u»«__.................................._i_

4( |m« n l«* a is RflMlI of ftrptir **1l _ ! ^____ 1 >“>«**»»»< *t *At\ *4 V.f,llltM • > _*»»*«* j.

•• Ini' bii* a IS »h*oi. 61 Cfrs*nt_____ 1_________sf A>»n4*nm>M __________________________________________ •*

K#(w, ,r iMfnnon is Pyll «r Allsi Ceimi__________ _______ _ ]___ »»pp*iwuc> »rll H»tsf) ____ __________________________|

N*Uf< *1 Ini'Mio* is A*m<#n HfH j j *#Wrt R f wlytin I _ _ 1

l InSirsif Al*w fc> CN*«fc M*fr N*l«f» •( Ktpsfl. N*Oft, sr OtftM DtUl

Follnv.ni ii . •n0,"‘r ‘n,'n'<°n 10 d0 '0f)< • on land
* iff port of work done ’

} owned 
t lt»s«d

October 5

• described as follows;

LEASE Biere

. 19
84

/^MONTANA Roosevelt:
iCounijrt

Poplar
IfNMl

Well No
28N

iTsviuiupi
S1E

ll Iromj ^ -line and 140The well ll located.. IT 50 

LOCATE WELL SITE ACCURATELY ON FLAT ON BACK Of THU FORM. 
The elevation of the ground or K.B. above the re a level U .... 2087 1 X3 _

It. from] “*x | line of See. 22

head carefully

1 1 A t r I.Atltra t.f »r.4 •in.|»4Uf,| I'l'.fiefS

DETAILS OF PLAN OF WORK
i|niTiU <3t|'th* rtl.wyilt* »ui0i, lib1, sfiflHR *1*4 Wnflh* "1 ;

r«rti> ul.ni) .ill o>i «i» “i l*n...unc. ArkJinn:. rrAirwinc I

READ CAREFVLLY
l rctmrt, r*nMtUst <*4 tfi siksr

DETAILS OF WORK 

RESULT

Subject well was plugged on 9/15/84 by.squeezing porfs w/140 sxs class “H 
cement and filling 5*5" casing and tubing w/110 sxs-class "H" cement. Cut 
casing 4' below ground level. Welded cap on casing.

rec.f.weo

OCT 5 I9c.4

HKr.;;V.CTi:JH HtCCP.CS MAR02-1276

Ajiprovfd 1'ihjrf, to ronoihoni on fiverw of form 

U*u

Ouuict 0<fi<“* Afenl ’ TiiU

iijAht, t l < o»* i. r

WM

Mesa Petroleum Co.

, _Ranay/Noraaven 
Tnu 'Regulatary...Aqe;nt

Addrru P- 0. Box 2009 A»a r i H o TX
7 918 9

*OTlM-A«Mni •• •*•6 <•'« U M td««>IUd 16 IM *tH*»''«N 0*6«»*«t '•*
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Form No. 2

;~7™

general rules 
201, 202. '213,
216, 219. 223.1 •

c-

P.

.o-

> ^ —JUL .1H«4 7£\ NOTICE

.0 ^ T° S RECEIVED 5gETR^TF0wR„MENBE^|E-
Tt... ^rOIL AND GAS CONS'ERVATIOliaOMMttSJFfifg- “^'^fPtheEcommissNion?ent 

- 0F THE STATE OF MOI^nA'ATbu!imgs. ‘ £>/

"‘ V ^ BILLINGS OR SHELBY?//, c'%?/

1 r sundry notices and report of we ns

•*V'
Notice of Intention-to Drill Subsequent Report of Water Shut-off

Notice of Intention to Change Plans Subsequent Report of Shooting, Acidizing, Cementing

Notice of Intention to Test Water Shut-off Subsequent Report of Altering Casing

Notice of Intention to Redrifi or Repair Well
1 Subsequent Report of Redrilling or Repair

Notice of Intention to Shoot, Acidize, or Cement i Subsequent Report of Abandonment

Notice of Intention to Pull or Alter Casing 1 Supplementary Weil History

Notice of Intention to' Abandon Well X i Report of Fracturing

(Indicate Above by Check Mark Nature of Report* Notice, or Other Data)

____July 18 19 84

Following is a j[ - l«d j [described as follows:

LEASE__BBiere

.MONTANA....
(State)

Roosevelt _
(bounty)

Poplar
(Field)

Well No.._?.iere..y/A-l._XSWpJ.A'____ ,22___
(m. sec.)

1750

_2BN—
(Township)

_5iE_
(Range) (Meridian)

The well is located 1IJUft. fromj [line andi-AQ__ _.ft. from[ [line of Sec----22._.............. ......

LOCATE ACCURATELY ON PLAT ON BACK OF THIS FORM THE WELL LOCATION, AND SHOW LEASE BOUNDARY
2087’ RTtThe elevation of the derrick floor above the sea level is___ r._._.... i..r.

READ CAREFULLY DETAILS OF PLAN OF WORK READ CAREFULLY
(State names of and expected depths to objective sands: show sire, weights, and lengths ol proposed casings: indicate mudding jobs, 

cementing points, and ail other important proposed work, particularly ail details results Shooting. Acidizing, Fracturing.)

DETAILS OF WORK 
RESULT

Mesa Petroleum Co. proposes to plug this well as the Biere 1-22 oil well' is no longer 
economic to produce. Subject well was TDed at 998', with 8 5/8" casing set at 998', 
and 5 1/2" casing set at 749'. Mesa proposes to set a cast iron bridge plug, at 740', 
above perforations at 796'-834'. Fill 5 1/2" casing with-cement from 740' to surface.
Set dry hole, marker. Both 8 5/8" and 5 1/2" casings were cemented to surface.

MAR02-1277

Approved subject to conditions on reverse of form Compan^esa..Petrgleum...Co...............................................

By.....................................................................
Title Regul«toiry;_.CooxAijl?.?:.0!:_

Address ** • Box 2009 / Amarillo, Texas 7928-

COMMISSION use ONLY 
API WELL NUMBER NOTE:—Report! on this form to be submitted to the District Agent lor Approval in Quadruplicate 

WHEN USED AS PERMIT TO DRILL, THIS EXPIRES 90 DAYS FROM DATE OF APPROVAL.
2 I 9

OVER



Fotm .'lo 2 n

NOTICE
* this form becomes a
PERMIT WHEN STAMPED 
APPROVED BY AN AGENT 
OF THE BOARD.

(SUBMIT IN QUADRUPLICATE)
TO

BOARD OF OIL AND GAS CONSERVATIO 
OF THE STATE OF MONTANA

BILLINGS OR SHELBY

SUNDRY NOTICES AND REPORT OF WE

ARM J6. 
ARM J6. 
ARM 36. 
ARM 36. 
ARM 36 
ARM 36

2:.ioo4
22.1013
.22.1301
.22.1306
.22.1)09

JL
Nbilct of Intention to Drill " n

-------------------------- vST—
Subsequent Report of 10’JV'.Nck

Notice of Intention to Chance PUni Subsequent Report of Shootinc ,''Xt/&T4iiicrCementlne
Notice of InUntlon lo Test Water Shut-off Subsequent Report of Altermr Casing

Notice of Intention to Redrtll or Repair Well Subsequent Report of Redrllling or Repair

Notlee of Intention lo Shoot. Acidize, or Cement Subsequent Report of Abandonment X
Notice of Intention lo Pull or Alter Catinc Supplementary Well History

Notice of Intention to Abandon Well Report of Fracturing

(Indicate Above by Check Mark Nature of Report, Notice, or Other DiU)
February 5 ... 19..?!

Following is a JXJawecmjmMOS^xaCXlHXKKok on land ) owned l described as follows: 
rouowing is • | report of work done 1 I xteaseri: 1

LEASE TYPE.................................................................... LEASE...
(Privaie. State. Federal. Indian! a)

.............. ......... MONTANA...........................................................................................
(Stale) (County)

BIERE

POPIAR
(Field)

Well No.
BIERE # A-l (SWD)

(m. sec.)

SEC. 22 T28N R51E
(Township) (Ranee)

The well is located__ 1.7.5.Q..........ft. from | ^ | line and......... ................ ft. from j-line of Sec..
(Meridian)

22

For notice of intention to drill, write the API * or the well name of another well on this lease If one exists.

LOCATE WELL SITE ACCURATELY ON PLAT ON BACK OF THIS FORM.
The elevation of the ground or K.B. above the sea level is ........ .?.P.§.7.. . . . . . . . . .

READ CAREFULLY DETAILS OF PLAN OF WORK READ CAREFULLY
(Stale names of and expected depths in objective sands: show site, weights. and lengths ..f pn'imsed casings. cementing points, and all other 

Important proposed work, particularly all details of Shunting. Acidizing. Krai-luring.)

DETAILS OF WORK 
RESULT

Subject well was plugged and abandoned on September 15, 1984 by filling the 5%" 
casing and tubing with 250 sx Class "H" cement. Cut casing 4' below ground 
level and welded cap on casing. Well P&A 9/15/84

LOCA; ION 'INSPECTED & APPROVED

Approved subject to conditions on reverse ol form

t- ~Date.. •orv)
‘ iBy.........L..kb^/.Ti_-.;....Z'r?7Lr<c.(......

/District Office Agent1 / Title

Compdn/vJ:SA OPERATING/_LTD PARTNERSHIP

By..... /J ,
Title Sr^.^^egulatory,. Analyst.............................

P.0. Box- 2009, Amarillo, Texas 79189 
Address..............................................................................

BOARD USe ONLY 
API WELL NUMBER

SB 82
a2 -l-jW

NOTE: —Reocris on mis (ofm io oe suomittert 10 ine aooroooate Oismei lor approval.
DRILLING PERMIT EXPIRES SIX MONTHS FROM DATE OF APPROVAL.

•TAT« COUNTY

■<wW&A>\c-\m

MAR02-1278



DEPARTMENT OF NATURAL RESOURCES
AND CONSERVATION

BOARD OF OIL AND GAS CONSERVATION

STAN STEPHENS, GOVERNOR OIL AND GAS CONSERVATION DIVISION

STATE OF MONTANA

January 16, 1991

Mesa Petroleum Company 
P.0. Box 2009 
Amarillo, Texas 79189

Attention Carolyn L. McKee
Regulatory Analyst

.Dear Ms. McKee:

Our records show that the following report/reports are
delinquent regarding your Biere ffA-1 SWD ■______ •
well located NW SW 22-28N-51E ...............  • ■ ,
Roosevelt County, Montana, API No. 25-085-21049 .

Form No. 2 Subsequent Report of Abandonment

Form No.

f

Please request any of the required State forms that you do 
not have in sipply.

Thanks for your prompt attention to this matter.

Sincerely,

7(Zi /V-tf-lKd
Ethel Rogers 
Secretary

er

Ms. McKee: On May 14, 1990, I wrote you a letter requesting
that you submit a Form //2 (Subsequent Report of Abandonment) 
on the above well. Without this report, this well remains on 
your bond and the file incomplete. Please comply with this 
request promptly.

MAR02-1279

DIVISION OFFICE 
1520 I. SIXTH AVENUE 

HELENA, MONTANA 59620*2301 
(406) 444*6675

TECHNICALAND
// SOUTHERN FIELD OFFICE //

2335 ST. IOHNS AVENUE
BILUNGS. MONTANA 59102

(406) 6S6-0040

NORTHERN FIELD OFFICE
210 MAIN STREET

P.O. BOX 690
SHELBY. MONTANA S9474

(406)434*2422



January 23, 1991

State of Montana 
Oil & Gas Conservation Division 
2535 St. Johns Avenue 
Billings, Montana 59102

Attention: Ethel Rogers

Dear Ms. Rogers:

Subject: Biere # A-l SWD
Sec. 22-28N-51E 
Roosevelt Co., Montana

Please find enclosed copies of Form No. 2 "Subsequent Report .of 
Abandonment" which was mailed to your office in September of 1984. 
I hope this copy is good enough for you because our file has been 
microfilmed and this is the best copy I can obtain.

Sincerely,

Carolyn qL. McKee
Sr. Regulatory Analyst

clm;s

MAR02-1280

MESA LIMITED PARTNERSHIP

A „ A on I i—i -r [= V A = 701 oa.onrw



DEPARTMENT OF NATURAL RESOURCES
AND CONSERVATION

BOARD OF OIL AND GAS CONSERVATION

STAN STEPHENS. GOVERNOR OIL AND GAS CONSERVATION

-----STATE OF MONTANA—
January 30, 1991

DIVISION

Mesa Petroleum Company 
P.0. Box 2009 
Amarillo, Texas 79189

Attention Carolyn L. McKee
Regulatory Analyst

Dear Ms. McKee:
Re: Sec. 22-28N-51E, Roosevelt Co.

In answer to your letter of January 23, 1991, please be advised 
that the copy of a Subsequent Report of Abandonment on the 
Biere A-l SWD.which you enclosed was never received or approved 
by our office.

Therefore, please send us a .new Subsequent Report of Abandonment 
on the enclosed sundry and forward to us for approval and removal 
of this well from your bond.

Thanks for your cooperation on this matter.

Sincerely,

Ethel Rogers 
Secretary

er • 
enc

^1102-1281

division office

1520 E. SIXTH AVENUE 
HELENA. MONTANA 59620-2301 

(406) 444-6635

TECHNICAL AND
SOUTHERN FIELD OFFICE

2535 ST. lOHNS AVENUE
jj BILUNGS, MONTANA 59102 //

(406) 656-0040 ' 7

NORTHERN HELD OFFICE
210 MAIN STREET

P.O. BOX 690
SHELBY. MONTANA S9474

(40$) 434-2422



May 8, 1990

MESH

State of Montana 
2535 St. Johns Avenue 
Billings, Montana 59102

Attention: Floyd Podoll
Chief Field Inspector

Dear Mr. Podoll:

Subject: Biere # A-l SWD

Pursuant to your letter of February 13, 1990 requesting a Form No. 2 
"Subsequent Report of Abandonment" be filed on the above well, please 
find enclosed a microfilm copy of Form No. 2 on the plug and abandonment 
of the Biere # A-l SWD. This form was filed in September, 1984 and 
again in October, 1984. This file has been microfilmed. If there is 
any further information you require, I will attempt to retrieve it.

Sincerely,

Sec. 22-28N-51E 
Roosevelt Co., MT

Regulatory Analyst

elm; s

MAR02'1282

MESA LIMITED PARTNERSHIP



DEPARTMENT OF NATURAL RESOURCES
AND CONSERVATION

BOARD OF OIL AND GAS CONSERVATION

STAN STEPHENS, GOVERNOR
OIL AND GAS CONSERVATION DIVISION

STATE OF MONTANA
Hay 14, 1990

Mesa Petroleum Company 
P.0. Box 2009 
Amarillo, Texas 79189

Attention Carolyn L. McKee
Regulatory Analyst

Dear Ms. McKee:

Thank you for your letter of May 8, 1990, in answer to our 
letter requesting a Subsequent Report of Abandonment.

We have no record of ever receiving this repor.t in our file. 
Inasmuch as the copy you sent was not approved, perhaps it 
was never submitted to our office for some reason.

If you could submit it on the enclosed Form 2 in quadruplicate 
along with the cementing ticket for the procedure, we will 
process and remove the well from your bond.

Thanks for your prompt attention to this matter.

Sincerely,

Ethel Rogers

Enclosures

Vv

MAR02-1283

DIVISION OFFICE 
1520 E. SIXTH AVENUE 

HELENA. MONTANA 59620-2301 
(406) <44-6675 //

TECHNICAL AND
SOUTHERN FIELD OFFICE

2S35ST. IOHNS AVENUE
BILLINGS. MONTANA 59102

(406) 655-0040
//

NORTHERN FIELD OFFICE
218 MAIN STREET

P.O. BOX 690
SHELBY. MONTANA 59474

(40G|434-2422



BEFORE THE OIL AND GAS CONSERVATION COMMISSION 

OF THE, STATE OF MONTANA

IN THE MATTER OF THE APPLICATION )

OF MESA PETROLEUM COMPANY FOR )
AN ORDER PERMITTING UNDERGROUND )'

DISPOSAL OF WATER FROM THE )
CHARLES 'C' ZONE OF THE POPLAR )
FIELD, ROOSEVELT COUNTY, MONTANA )

In this matter, Mesa Petroleum Company, applicant, seeks per
mission from the Commission to dispose of salt water produced in the Poplar 
Field, Roosevelt County, Montana. The application is dated June 16, 1970, 

and was received by the Commission on June 16, 1970.

The application is complete in all respects, and the same satisfies 
all of the provisions and requirements of Commission Rule No. 228.3 and all 
sub-paragraphs thereunder. All pertinent information concerning said 
application has been supplied to the Commission, and the same does not 

pertain to secondary recovery of a waterflood plan.

The applicant states that the proposed disposal well will be 
located 1750 feet from the south line and 140 feet from the west line of 

Section 22, Township 28 North, Range 51 East, Roosevelt County, Montana.
The proposed formation of injection is the Judith River Zone. Applicant 
proposes to inject approximately 1,000 barrels of water per day.

Applicant states there are no drilling or producing wells or wells 
which have produced, other than applicant's Biere No. 1-22, within a one- 
half mile radius of the proposed salt water disposal well.

IT IS THEREFORE ORDERED by the Oil and Gas Conservation 
Commission of the State of Montana that the application of Mesa Petroleum 
Company to dispose of salt water produced in the poplar Field, Roosevelt 
County, Montana, be, and the same is hereby approved, and that the applicant 
be permitted to dispose of said salt water by injection into its well as 

designated in the above order.

IT IS FURTHER ORDERED that at such time as injection is commenced, 
that the operator instigate its Report of Subsurface Injections, through 
the use of Commission Form No. 5 to be submitted to the Commission office 

in Helena, Montana.

Dated at Helena, Montana, this 22nd day of June, 1970.

OIL AND GAS CONSERVATION COMMISSION 
OF THE' STATE OF MONTANA

ORDER NO. 15-70A 

ADMINISTRATIVE

( SELL )
Norman J. Beaudry 
Executive Secretary



15 Poly Drive 
Billings, Montana 591UI 

June 18, 1970

Mr. Ron3ld D. Ragland
Petroleum Engineering & Management Corporation 
259 Securities lujlding 

Billings, Montana 59101

Dear Sir:

Your request of June 16 for administrative approval for a salt water 
disposal well in the NW/4 SW/4 of Section 22, Township 28 North,
Range 51 East, Roosevelt County has received favorable consideration.

The Administrative Order approving your request will be issued by 
our Helena Office. In the meantime since you have a rig immediately 

available, you may proceed with this program.

I am returning your check for $25 since there is no permit fee for 

a disposal well.

Very truly yours,

Herbert D. Hadley 
Geologist

HDH:sms 

Enclosure

cc: Mr. Norman J. Beaudry
Helena, Montana

MAR02-1285



~ • v- S r.‘ • Thi
? i N***frj •/f''

Petroleum Engineering and Management 

Corporation -*

250 S«curitS«i Building 
BILLINGS. MONTANA 59101 

*5*’ Ttiophoo* 406-248-7395

______  __June_. 16 / ..1970

• r,-- -

. 1* (T,*'* 1T r J •*' 1____  - fl '

* ; ,■ ' t; - .'t
-V

■■■17

•Montana O'il’ & Gas Conservation Commission"'" 
P. 0. Box 217 •
Helena, Montana 59601 '

Gentlemen:

* *1. . *; H -gxj I SJ3JI
• •••

■ •••:•>*
. .• . ... - ;.ii

■ ■ = &&- * - .tnTl^lL;

_-Enclosed herewith is an application submitted on behalf/ox 
. ; Mesa Petroleum- Company to inject water into Jther. Juditl^Rive 

■~~i .•-Formatioii, .Poplar F.ield, Rocsrevelt County,'.Mohtaihar^i.ip-Al’js6^e:

' ftys ion . grant’ administrative approval to dr ill’'the J’salfc water;
' posal well at-'the earliest possible da te/‘be fore a'* need is 

. -i ■>: for thelrig presently- stacked at the Bxere NoJ'- 1-22’’location

Verv trulv vours

P . fP’. ■ :.r • •

• -1
irs, S’-HI- y.'s

PET ROT, SUM ENGINEERING. & MANAGEMENT
' .t •.

■^7 , . - V - • t-V
,,, jy~

CORPORATION

RONALD D. RAGLJ 
for MESA PETROLEUM

X' / . r V. C

RDR: kw

enc.
MAR02-1286



"-r
UUBURTON

* oiv.bion of HAuiiunroN company 
FORM I 900 .At

SEND ALL REMITTANCES TO 

• P: O. DRAWER 1431 

DUNCAN. OKLAHOMA 73333

#3-2.? A/~S/c?

PAGE I OF

/

INVOICE ft TICKET

J> AGES NO.
. 283397

/sn.
COUNTY

^ * . '"i? .J*V» -f 4 i

STATE

\ ’ :'tuiTf. /•-■£, ^ „ —-

-y- * —J !;■

Q.. T:.i>n ,ry t .

CONTRACTOR

7 • , - * <
DUNCAN
USE
ONLY

TO

S V ! ’■wiVTI-ay^ V, v

DELIVERED TO

/ .
\c

LOCATION

,-u * ?Ai " r-TUc

sit-wx.L4 £~.:±JLjl; •
SHIPPEO VIA LOCATION

2- ••-4
CUST. INV. 

REQ. 
ORIG. ft

□ I
□ 2
□ 3
□ 4

NO. COPIES

NO PURPOSE OF JOB

REQUISITION LOCATION "TTH
* fi\•vyv-

ORDER NO. BULK MATERIAL 
DELIVERY 
TICKET NO.

B

TOTAL ACID • 30 OATS

S/'sr
WELL TYPE

.5 ^'3 1-tX 2,-, :•
DUE BY- THE 20TH OP FOLLOWING MONTH. INTEREST'.* 
CHARGED AFTER BO OAYS PROM DATE OF INVOICE!;':

_____ Caih dUcount allowed if paid by due dale...

IV
i‘

•RICE

'ERCNCC

SECONDARY REF.

OR PART NO.

CODE UNITS 1 UNITS 2

L D QTY, |MEAS. QTY. ^4EAS- *

k - K • W
* - J

! *■; 4.-/1 jit'j,
/■% 'i \hA~. i

/ . CJii-f &i' 1 6!«c> t»i'
y;

J ■ o ’iT
.

ft#t- sag
F W

. * f*. *
: w # v

X J

■Si. -- . .» /• }. . - - .
■ , 1 ■

Ar-

/• rice.
Vy»>«..lT, r y. ;■ - it

■ . r-—> u 1 J

t:.z Acy B.s-ih ?A? '

1 ■ ..I- ;

1 r-

1 I

1 .1

SERVICE CHARGE ON MATERIALS RETURNED CU.
FT.

SERVICE CHARGE CU.
FT.

I

TOTAL LOAOED
WEI G HT MILES

TON
MILES

.Tax adiujlmenf mov be deducted if discounted.

.S JOB SATISFACTORILY C0MPLETE07_

.S OPERATION OF EQUIPMENT SATI SFACTORVt-

.S PERFORMANCE OF PERSONNEL SaTISFaCTOR Y 7-

TAX REFERENCES

Cutiomer or Hii Agcm HoMIburton Operator

MAR02-1287



VLLIBURTONJ SEND all remittances to page I OF INVOICE ft TICKET

PRICE

EPERENCE

SECONDARY REF.

OR PART NO.

cooe
DESCRIPTION

UNITS l UNITS 2
UNIT ||

PRICEL O orr. |meas. OTY. fUEAS.

03 Z. j^usn ,n T h i-‘ JDodfb I

o • a/ 7 3 o\mt .)?*
>o Top lt)oerl PLfC) fj-fl'io ) \f-At

I I
..I

*¥o o y fV. /- / Poz/y?- / I •

£■ C.sri/ £ a A.'.< / Z f/.-o*, 6 T
yS- o-^o rkem. £7/< ^ ' ’ i’' £* , D.OO l<£s I: /■$/
■j & ■ ioT ,-y) ; )r "P r Doc. I Stz J.D7

: rt - 6 £#■ c / rrh r =■ J a % -o/yc * j i< Pj l-S*S ;o>3
7Do% h/t,C J* l. is/Averts. D* \jb$

• j ' JO:o IS KS /,?/
I

'Ti’cTtr'b £&-d>*( '-f S'/rOnf 3^.0 ! XI I
f /

SERVICE CHARGE ON MATERIALS RETURNED CU.
FT.

'• ■ •- 7
SERVICE CHARGE I CU.u* t *<r | FT.

I 3?/2

, . - TOTAL . LOAOEO
7X ^4.^ HEIGHT MILES

-* I TON

.-.r3;':Z2M,LK6

TAX REFERENCES SUB TOTAL

1 WAS JOO SATISFACTORILY rr>L«ot mptI Was OPERATION OF EOUIPMENT SATISFACTOR YT____

1I WAS PERFORMANCE OF PERSONNEL S ATI SFACTOR Y V

Cujtcmcr or Hi* A©em ,

TAX

TAX

TAX

J .... ; ; I,,-. '..K .--1________________________________ TOTAL
J Halliburton Operator

lI
MAR02-1288



1. EPA ID NUMBER
T/A C

U

Form.

4
UIC

S-EPA
UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

UNDERGROUND INJECTION CONTROL

PERMIT APPLICATION
(Collected under the authority of the Safe Drinking 

________Water Act Sections 1421. 1422. *0 CFR 144)_______

READ ATTACHED INSTRUCTIONS BEFORE STARTING 
FOR OFFICIAL USE ONLY

Application approved 
mo day year

Date Received 
■ mo day year Permit/Well Number Comments

II. FACILITY NAME AND ADDRESS
Facility Name 
Biere ffA-l (SWD)

III. OWNER/OPERATOR AND ADDRESS
Owner/Operator Name

Mesa Petroleum Co.
Street Address 
Poplar Field

Street Address
P. 0. Box 2009

Date Started
mo
7 V ya&r70

O B. Modification/Conversion O C. Proposed

VII. TYPE OF PERMIT REQUESTED (Mark V and specify if required)

A. Individual ' HD-B? Area Number of Exist
ing wells

VJIL CLASS AND TYPE OF WEIL (see reverse)
A. Class(es) 

(enter code(s))
B. Typefs)

. (enter codefs))

IT D

C. If class is "other" or type is code ’x,’ explain

N/A

D. Number of wells per type (if area permit)

N/A

IX. LOCATION OF WELUS) OR APPROXIMATE CENTER OF FIELD OR PROJECT
C A. Latitude

1
Deg Min Sec

XL ATTACHMENTS
(Complete the following questions on a separate sheet(s) and number accordingly; see instructions)

FOR CLASSES I, II, III (and other classes) complete and submit on separate sheet(s) Attachments A — U (pp 2-6) as 
appropriate. Attach maps where required. List attachments by letter which are applicable and are included with 
your application;

XII, CERTIFICATION
/ certify under the penalty of law that I have personally examined and am familiar with the 
information submitted in this document and all attachments and that, based on my inquiry of 
those individuals immediately responsible for obtaining the information, / believe that the 
information is true, accurate, and complete. / am aware that there are significant penalties for 
submitting false information, including the possibility of fine and imprisonment. (Ref. 40 CFR 
144.32)

A. Name and Title (Tyoe or PrintI

Randy Z. Nordsven, Regulatory Coordinator

B. Phone No. (Area Code and No.)

(806) 378-4887

C. Signature

EPA Form 7S2JH6 (2-8«>
MAR02-1289

D. Data Signed

7-17-84

Page i of 5



INVOICE

HALLIBURTON0

Halliburton Energy Services, Inc.

Remit to: P.0. Box 951046 
Dallas, TX 75395-1046

Slio/Wtl A rets: DIRECT CORRESPONDENCE TO: Invoice No, Date

MARATHON BASTON A032, PARK 
3AST0N A-32 
LYLE HUFF 
CODY VVY 82414

PO Sox 1510
Evansville, WY 82636-1510 
(307) 473 8200

90293966 
Customer PO No.

AGU9364 
Oetrvtrf No.

02/05/2000
Date

Date

TO: Job Location
8051933) 

Order/Ticket No.
02/Q4/2QOO

Date

MARATHON OIL CO 
H02184 .
1501 STAMPEDE AVE 
CODY WY 82414

Land
S/u'oomg Point

CASPSR Shino Poin 
Service Location

420042
Manual Ticket No.

02/02/2000

Customer No.

Cosoor. WY. USA
Payment Terms

Net Pun In 20 davs

303697_______
Payment Due Date

02/25/2000

J

Reference Number Description QTY U/M Unit Price Amount

7521 PSL-CMT Cement Surface Casing-BOM

JPOlO

J JOB

1 MILEAGE FROM NEAREST HES BASE,/UNIT,Zl
180 Ml 3.65 657.00

Discount : $262.80-
With the following configuration:
Number of Units 1 unit

000-117

2 MILEAGE FOR CEMENTING CREW.ZI

180 Ml 2.15 387.00
Discount : 9154.80-

With the following configuration:
Number of Units 1 unit

000-119

11 CEMENT CASING DEPTH CHARGE

1 UN 1,996.00 1,996.00
Discount : $798.40-

With the following configuration:
CHARGE BY FT OR RANGE OF FEET 300 ft

001-016

Terms: if customor does not havo an approved open account witn Halliburton, all sums are oavabte in casn at tne time of performance
of services or delivery of equipment, products, or materials. If customer has an approved open account, invoices ore payable on 
tne twenties coy aftor oato ot invoice. Customer agrees to pay interest on unpaid balance from the date payable until oa:d at 
tne nignes; lawful contract rato applicable, but never to exceed 18% per annum. In tne event Halliburton employs on anornoy 
for collection of ony amount. Customer agrees to pay attorney tcos of 20% of tho unpaid account, plus ail collection ond court 
costs.

PAGE l OF 5

MA.R02-1290



INVOICE
G

Continuation
Invoke No. Date

U A 1 1 1 D 1 1 DTflM” 90293960 02/05/2000

Halliburton Energy Services, Inc.

Reference Number Description QTY U/M Unit Price Amount

1

8

139

90

88

100064173

ENVIRONMENTAL SURCHARGE./JOB.ZI

Discount : $22.00-

000-150

IRON SAFETY INSPECTION SURCHARGE /JOB I

Discount : $13.20-

000-151

ADC IAUT0 DENSITY CTRL) SYS, /JOB.ZI

Discount : $368.00-
With the following configuration:
NUMBER OF UNITS

016-050

QUICK LATCH ATTACHMENT

Discount : $99.20- 
With the following configuration:
INCHES

019-251

PLUG CONTAINER RENTAL-1 st Day

Discount : $213.20-
With the following configuration:
NUMBER OF DAYS

019-218

CEMENT - CLASS G - 94 L3 BAG

Discount : $938.88-

516.00999

CEMENT ■ CLASS 0 ■ 91 LB BAG

1

1

1

1

1

1

9.625

1

1

130

JOB

JOB

JOB

each

JOB

in

EA

Days

SK

55.00

33.00

920.00

248.00

533.00

13.04

55.00

33.00

920.00

248.00

533.00

2.347.20 '

Terms: f customer does not have an approved ooon account with Halliburton, all sums are payebie in cash at the time ot performance 
of services or delivery of eauipment. products, or materials. If customer has an approved open account, invoices are payaoie on 
the twentieth day after date of invoice. Customer agrees to Ody interest on unpaid oaiance from the dote payapie until paid at 
the highest lawful contract rate applicable, but never to exceed 16% per annum, in the event Halliburton employs an attorney 
for collection of any amount. Customer agrees to pay attorney feos ot 20% of me unpaid account, plus all collection and court 
costs.

PAGE 2 Or 5
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INVOICE

^^HALLIBURTON*

Halliburton Energy Services, Inc.

Continuation
invoice No. Dote
90293966 - 02/05/2000

Reference Number Description QTY U/M
Unit Price |

Amount

100005049

100003652

100007865

3965

3975

100004728

FLOCELE - 3/8 • 25 L3 SACK

Discount : $42.66-

XXXXXXX 8S0.50071

PLOCELE -378-25 L3 SACK

SALT - MORTON - PUREX - FINE - 80# BAG

Discount : $32.54-

XXXXXXX 518.00158

SALT ■ MORTON ■ PUREX ■ PINE - 80C BAG

CHEMICAL - VERSASET - 50 LB SACK

Discount : $91.80-

516.00789

CHEMICAL ■ VERSASET ■ 50 LB SACK

HANDLE&OUMP SVC CHRG, CMT&ADOITIVEST

Discount : $1 24.17- 
With the following configuration:
NUMBER OF EACH

500-207

MILEAGE.CMTG MTLS DEL/RETURNED,Zl

Discount : $388.00- 
With the following configuration:
NUMBER OF TONS

500-308

SHOE - GUIDE - 9-5/8 8RD

Discount : $109.60-

12A ■ 825.221

SHOE ■ GUIDE ■ 9-5/8 BRO

45

226

51

1
187

1

776

1.00

1

LB

LB

LB •

CF

each

TMI

ton

EA

2.37

0.36

4.50

1.66

1.25

274.00

106.65

81.36

229.50

310.42

970.00

274.00

Terms: 1 customer coes not hove an approved ooen occoum with HaUiourton. all sums are payable in cash at the time of performance 
of services or delivery of aauipmem. products, or materials. If customer has an approved open eccount. invoices are pavobie on 
tne twentieth day ofter dote of invoice. Customer agrees to pay interest on unpaid balance from tne date payable until paid at 
the highest lawful contract rate applicable, but never to exceed 18% per annum, in the event Halliburton employs an ottorney 
for collection of any amount. Customer agrees to pay attorney fees of 20% of the unoaid account, plus ail collection and court 
costs.

PAGE 3 OF 5
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INVOICE
©

Continuot/on
Invoice No. Date

U A 1 1 1 D 1 1 DTAM* 90293966 02/0S/2QOO

Halliburton Energy Services, Inc.

Reference Number

100004485

100004629

100005045

100004871

100003158

Description QTY ' U/M Unit Price Amount

CENTRALIZER ASSY - API - 9-5/8 CSG X 

Discount : $152.00-

806.60065

CENTRALIZER ASSY - API ■ 5-5/8 CSC X 

12-1/4 HOLE ■ HINGED ■ W/WELDED 

IMPERIAL BOWS

CLAMP - LIMIT - 9-5/8 - HINGED - 

Discount : $7.98-

CLAMP ■ UMIT - 9-5/8 ■ HINGED ■

ERIC VON GRIP V//ORAW BOLT -

HALLIBURTON WELD-A KIT 

Discount : $14.74-

HALUBURTON WELD-A KIT

COLLAR-VS FLOAT- 9-5/8 8RD - 8.927 MIN 

Discount : $221.76-

836.30600

COLLAR-VS FLOAT- 9-5/8 BRO ■ 8.927 MIN 

ID

PLUG - CMTG - TOP ALUM - 9-5/8

Discount : $66.DO-

402. 1531
PLUG ■ CMTG ■ TOP ALUM - 9-5/8 

23.3-53.51

EA

EA

EA

EA

EA

95.00

19.95

18.43

554.40

165.00

380.00

19.95

36.86

554.40

165.00

Terms: it customer Goes not nave an approved open account with Halliburton, all sums are payable in cash at tne time of performance
of services or delivery of ecuioment, products, or materieis. If customer nas an approved open account. Invoices aro payable on 
the twentietn coy after date of invoice. Customer agrees to pay interest on unoaio oalance from the date payaoio until paid at 
the hignest lawful contract rate applicable. Out never to exceed 18% oer annum, in the event Halliburton employs an attorney 
lor collection of any amount. Customer ogrees to pay attorney fees of 20% of the unpaid account, plus ail coiioction and court 
costs.

PAGE c OF 5

MAR02-1293



* Continuation
Invoice No. | Date

m lUAI 1 IDI IDTHM® 90293966 1 02/05/5000

INVOICE
Halliburton Energy Services, Inc.

Reference Number Description QTY U/M Unit Price Amount

INVOICE SUBTOTAL 10,304.34
DISCOUNT 4.121.73

INVOICE AMOUNT 6,182.61
Sales Tax • State 243.34

NVOICE TOTAL • PLEASE PAY THIS AMOUNT 6,425.95

Rocky KA 'n Region

FEB 1 1 2000

Financial Accounting

-

Terms: if customer does not nave an ooorovec ooen account witn Halliburton, all sums are oavaoie in casn at me time of performance 
of services or delivery of eouioment. products, or materials. If customer has an approved open account. Invoices are payable on 
tno twentieth day after dato of invoice. Customer agrees to oay interest on unoeid balance from me date payable until paid at 
the Highest lawful contract rate applicable. but never to exceed 18% per annum, in tne event Halliburton emoioys an attorney 
tor collection of any amount. Customer agrees to cay attorney fees of 20% of the unpaid account, plus all collection and court 
costs.

PAGE 3 OF 5

MAR02-1294
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SOLI) TO SHIP TO Page I of

'HALLIBURTON

:•! Halliburton Energy Services, Inc.

TICKET TYPE COMPANY CODE HALU8URTON ORDER NO.

Services 1100 420042
CUSTOMER P.O. NO. JOB DATE PRIMARY SERVICE LOC.

AGU?9364 02/02/2000 Casper, WY. USA

MARATHON OIL CO 
539 S MAIN 
FINDLAY OH 45840 
USA

WELL OPERATOR
MARATHON BASTON A#32, PARK
LEASE NAME / OFFSHORE AREA
BASTON
WELL NUMBER
A #32
WELL PERMIT NO.

ADDRESS

CITY. STATE. ZIP CODE
CODY WY 82414 US______________

SALES OFFICE • WELL TYPE WELL CATEGORY RIG NAME / NO.

Rocky Mountains BD Oil Development MARATHON OIL CO

AMOUNT
ITEM MAUnlAL
_________________IOLAUON mmmm

1 ■ H T-* s-- ^ ' - * V
QTY UNIT

c ;
•AW.,.vi.%->.y^v-*-v.:vT.K.v.‘-v

iUNIT PfttCfVo
Mg-

10

20

7521
Casper, WY, USA

PSL-CMT Cement Surface Casing-BOM
1.00 JOB

JP010

MILEAGE FROM NEAREST HES BASE./UNIT.ZI

0.00

30

0.00

Casper, WY, USA ; 180 MI •3.65 657.00
180 MI 1.46- 262.80-
180 MI 2.19 394.20

000-117
With the following configuration:
Number of Units • 1 unit

MILEAGE FOR CEMENTING CREW.ZI
Casper, WY. USA 180 MI 2.15 387.00

180 MI 0.86- 154.80-
180 Ml 1.29 232.20

000-119
Willi the following configuration:
Number of Units 1 unit

INVOICE INSTRUCTIONS

PAYMENT TERMS

Net due in 20 days
HALLIBURTON OPERATOR / ENGINEER

TOTAL FROM THIS PAGE 626.40
TOTAL FROM NEXT PAGEISI 5.556.21
SUBTOTAL 6,182.61
TAXES 243.34
GRAND TOTAL 6,425.95

US Dollars

M
A

R
02

-1
29

5



SOLD TO Page 1 of 5SHIP TO

G HALLIBURTON®

Halliburton Energy Services, Inc.

. •>

,K-
^ICKET TYPE COMPANY CODE HALLIBURTON ORDER.NO.

Services 1100 420042 o /
CUSTOMER P.0. NO. JOB DATE PRIMARY SERVICd LtJC. G

AGL#9364 02/02/2000 Casper. WY, USA

MARATHON OIL CO 
539 S MtftN 
.fyNDLify OH 45840 

\USA -V
- if

Y
$

o

WEU. OPERATOR

MARATHON BASTON A032, PARK
CEASE NAME / OFESHORE AREA

BASTON
WELL NUMBER
A 032
WELL PERMIT NO.

ADDRESS

CITY. STATE. ZIP CODE

CODY WY 82414 US_____________

SALES OFFICE WELL TYPE
'f"' WELL CATEGORY RIG NAME / NO.

Rocky Mountains I3D Oil Development MARATHON OIL CO

ITEM " " MAIERlAL

» ' ^ location <V-'
'a; .v^oEscftmrtON^;,- '

A»\ s >fv% ■* J 4.W N >

W< ^ op p:
' -OTY UNIT ;--- 'UNO PRICE- _____________ ' 'AMOUNT

10

20

7521
Casper, WY, USA

Casper, WY, USA

PSL-CMT Cement Surface Casing-BOM
1.00 JOB

JP0I0

MILEAGE pROM NEAREST HES BASE./UNIT.ZI 
• ’ 180 Ml

180 MI 
180 MI

000-117

0.00

3.65
1.46-

2.19

0.00

657.00
262.80-
394.20

With the following configuration: 
Number of Units 1 unit

30
Casper, WY, USA

With the folio 
Number of UniH ACCT. CAT,

MILEAGE FOR CEMENTING CREW.ZI
180 Ml 
180 MI 
180 MI

1 unit

2.15
0.86-

1.29

387.00
154.80-
232.20

total from this page

TOTAL FROM NEXT PAGEISI

626.40

SUBTOTAL

TAXES

£>%£>( (£>(-dn$53r&ir-

■y 230.18
GRAND TOTAL

^^%^L603t79- 

US Dollars

M
A

R
02

-1
29

6



HALLIBURTON ORDER NO: 420042 Cont. MARATHON OIL CO Page 2 of 5©HALLIBURTON

Halliburton Energy Services, Inc.

11FM MAlfclllAI

lOlAIIUN

UCSCBIP7ION '

mv UNIT

f. > < /A s s

iwii rime V awkSunt^

40 1 1 CEMENT CASING DEPTH CHARGE
Casper, WY, USA 1.00 UN 1,996.00 1,996.00

1.00 UN 798.40- 798.40-
1.00 UN 1,197.60 1,197.60

001-016
With the following configuration:
CHARGE BY Fr OR RANGE OF FEET 300 ft

50 7 ENVIRONMENTAL SURCHARGE,/JOB,ZI
Casper, WY, USA 1.00 JOB 55.00 55.00

1.00 JOB 22.00- 22.00-
1.00 JOB 33.00 33.00

000-150

60 8 IRON SAFETY INSPECTION SURCHARGE /JOB ZI
Casper, WY, USA 1.00 JOB 33.00 33.00

1.00 JOB 13.20- 13.20-
1.00 JOB 19.80 19.80

000-151

70 139 ADC (AUTO DENSITY CTRL) SYS, /JOB.Zl
Casper, WY, USA 1.00 JOB 920.00 920.00

1.00 JOB 368.00- 368.00-
1.00 JOB 552.00 552.00

046-050
With the following configuration:
NUMBER OF UNITS 1 each

80 90 QUICK LATCH ATTACHMENT
Casper, WY, USA 1.00 JOB 248.00 248.00

1.00 JOB 99.20- 99.20-
1.00 JOB 148.80 148.80

019-251
With the following configuration:
INCHES 9.625 in

c\n

%

2



HALLIBURTON ORDER NO: 420042 Coni. MARATHON OIL CO Page 3 of 50 HALLIBURTON®

Halliburton Energy Services, Inc.

11 EM
%

MAI EraAL
LOCATION

D'SCBIPrtOW '
mr ur.n llNIl FHK L /woiim

90 88 PLUG CONTAINER RENTAL-1st Day
Casper, WY, USA 1.00 EA 533.00 533.00

1.00 EA 213.20- 213.20-
1.00 EA 319.80 319.80

019-248
With the following configuration:
NUMBER OF DAYS 1 Days

100 100064173 CEMENT - CLASS G - 94 LB BAG
Casper, WY, USA 180.00 SK 13.04 2,347.20

180.00 SK 5.22- 938.88-
180.00 SK 7.82 1,408.32

516.00999
CEMENT r CLASS G - 94 LB 

<
BAG

110 100005049 FLOCELE - 3/8 - 25 LB SACK
Casper, WY, USA 45.00 LB 2.37 106.65

45.00 LB 0.95- 42.66-
45.00 LB 1.42 63.99

XXXXXXX 890.50071
FLOCELE - 3/8 - 25 LB SACK

120 100003652 SALT - MORTON - PUR EX - FINE - 80# BAG
Casper, WY, USA 226.00 LB 0.36 81.36

226.00 LB 0.14- 32.54-
226.00 LB 0.22 48.82

XXXXXXX 516.00158
SALT - MORTON - PUREX - FINE - 80# BAG

130 100007865 CHEMICAL - VERSASET - 50 LB SACK
Casper, WY, USA 51.00 LB 4.50 229.50

51.00 LB 1.80- 91.80-
51.00 LB 2.70 137.70

516.00789
CHEMICAL - VERSASET - 50 LB SACK

M
A

R
02

-1
29

8



HALLIBURTON ORDER NO: 420042 Com. MARATHON Oil. CO Page 4 of 5© HALLIBURTON®

Halliburton Energy Services, Inc.

~n£f«v-y
Vi y

rr ^ MATERIAL iTO" .
?£j& *£.«*■ toCATtoN-,^^.^

•; '"-v^ptsemenew, ^ ^
, , .'.-SS, . ....Sfcy. - - ■.vi-.'-.OV'.. '4-^ - Si . . -v.-i UTX.JWltei.- A'lif A'-

" fi. V-v-'-.r.''-"' ' > "
? .UNirsinucrt <£■ <. v*v*»»0WNV

140 3965 HANDLE&DUMP SVC CHRG, CMT&ADDITIVES.ZI
Casper, WY, USA 187.00 CF 1.66 310.42

187.00 CF 0.66- 124.17-
187.00 CF 1.00 186.25

500-207
With the following c< nfigtiration:
NUMBER OF EACH 1 each

150 3975 MILEAGE,CMTG MTLS DEL/RETURNED,Zl
Casper, WY. USA 776.0 TMI 1.25 970.00

776.0 TMI 0.50- 388.00-
776.0 TMI 0.75 582.00

500-306
With the following configuration:
NUMBER OF TONS 1.00 ton

ICO 100004728 SHOE - GUIDE - 9-5/8 8RD -
Casper, WY, USA 1.00 EA 274.00 274.00

1.00 EA 109.60- 109.60-
1.00 EA 164.40 164.40

12A - 825.221
SHOE - GUIDE - 9-5/8 8RD

170 100004485 CENTRALIZER ASSY - API - 9-5/8 CSG X
Casper, WY. USA U -TtftrEA 95.00

cj ^loo-ea 38.00-
A —TrOOHiA

806.60065 1
CENTRALIZER ASSY - API - 9-5/8 CSG X
12-1/4 HOLE - HINGED - W/WELDED
IMPERIAL BOWS

57.00 -399706-*

180 100004629 CLAMP - LIMIT - 9-5/8 - HINGED -
Casper, WY, USA 1.00 EA 19.95 19.95

1.00 EA 7.98- 7.98-
1.00 EA 11.97 11.97

CLAMP - LIMIT - 9-5/8 - HINGED - 
FRICTION GRIP W/DRAW BOLT

M
A

R
02

-1
29

9



HALLIBURTON ORDER NO: 420042 Coni. MARATHON OIL CO Page 5 of 5GHALLIBURTON

Halliburton Energy Services, Inc.
ITEM

llilil MATERIALS
LOCATION 33 X" & '1 fa u^I -.3 ~ ^NifW. SSSWSSSS ... ..... .....__________AMQljNT

190 100005045
Casper, WY, USA

200 100004871
Casper, WY, USA

HALLIBURTON WELD-A KIT

HALLIBURTON WELD-A KIT 

COLLAR-VS FLOAT- 9-5/8 8RD

2.00 EA 
2.00 EA 
2.00 EA

210 100003158
Casper, WY, USA

8.927 MIN 
1.00 EA 
1.00 EA 
1.00 EA

836.90600
COLLAR-VS FLOAT- 9-5/8 8RD - 8.927 MIN
ID

PLUG - CMTG - TOP ALUM - 9-5/8
1.00 EA 
1.00 EA 
1.00 EA

18.43
7.37-

11.06

554.40
221.76-
332.64

36.86
14.74-
22.12

554.40
221.76-
332.64

165.00
66.00-

99.00

165.00 
66.00-

99.00
402.1531
PLUG - CMTG - TOP ALUM - 9- 
29.3-53.5#

INVOICE AMOUNT 
Sales Tax - Slate

INVOICE. TOTAL

5/8

■ zfZt
-6t3-53t61 

-250.18.

US Dollars

M
A

R
02

-1
30

0
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^^HALLIBURTON*

Halliburton Energy Services, Inc.

Remit to: P.0. Box 951046 
Dallas, TX 75395-1046

S/fo/VVei/ Addross:
MARATHON BASTON A#32, 
3ASTON A #32 
LYLE HUFF 
CODY WY 82414

PARK
DIRECT CORRESPONDENCE TO: 
PO Box 1510
Evansville, WY 82636-1510 
(307) 473 8200

Invoice No,

90304200
Customer PO No.

AGU 9364
Delivery No.

30548216

Care

02/1A/200Q
Dote

Date

02/14/2000

TO:
MARATHON OIL CO 
H02184
1501 STAMPEDE AVE 
CODY WY 82414

Jot> Location Order/Ttciet No. Oate
Land 436572 02/10/2000

Shipping Point Manual Ticket No. Compr Date
CASPER Snipping Pom 02/11/2000Service Location Customer No.

Casoer, WY, USA 303697
Payment Terms Payment Due Date

Net due m 20 devs 03/05/2000

Reference Number Description QTY urn Unit Price Amount

7523 PSL-CMT CEMENT PRODUCTION CASING-BOM,

JP03S

JOB

1

2

7

8

MILEAGE FROM NEAREST HE? BASE,/UNIT,Zl

Discount : $262.80- 
With the following configuration:
Number of Units

000-117

180 Ml

1 unit

MILEAGE FOR CEMENTING CREW,21

Discount : $154.80- 
With the following configuration: 
Number of Units 

000-119

180 Ml

1 unit

ENVIRONMENTAL SURCHARGE./JOB.ZI 

Discount : $22.00-

000-150

JOB

3.65 657.00

2.15 387.00

55.00 55.00

IRON SAFETY INSPECTION SURCHARGE /JOB 

Discount : SI 3.20-
JOB 33.00 33.00

000-151

Terms: if customer does not have an approved open account with Halliburton, oil sums aro oayabie in cash at the time of performance
of services or delivery of eouiomem. products, or materials, if customor has an approved ooen account, invoices are payable on 
the twentieth cav after date of invoice. Customer agrees to pay interest on unpaid balance from the Cate payable until paid at 
me highest lawful contract rate applicable, but never to exceed 10% per annum. In the event Halliburton emoioys an attorney 
for collection of any amount. Customer agrees to pay attorney fees of 20% of tno unpaid account, plus all collection and court 
costs.

PAGE 1 OF 6

MAR02-1301



INVOICE

^^HALLIBURTON*

Halliburton Energy Services, Inc.

Continuation
Invoice No. Date
9030*200 02/14/2000

Reference Number Description QTY U/M Unit Price Amount

3965 HANDLE&DUMP SVC CHRG, CMT&ADDITIVES,; 1

553 CF 1.66 917.98
Discount : $367.19-

With the following configuration:
NUMBER OF EACH. 1 each

500-207 •

3975 MILEAGE,CMTG MTLS DEL/RETURNED,Zl

2.273 TMI 1.25 2,841.25
Discount : $1,136.50-

With the following configuration:
NUMBER OF TONS 1.00 ton

500-306

132 PORTABLE DAS,/DAY/JOB,Zl

1 JOB 760.00 760.00
Discount : $304.00-

With the following configuration:
NUMBER OF. DAYS 1 Days

045-050

15 MULTIPLE STAGE CEMENTING - 1ST STAGE

1 UN 2,726.00 2,726.00
Discount : $1,090.40-

With the following configuration:
CHARGE BY FT OR RANGE OF FEET 4.120 ft

007-orj

16 MULTIPLE STAGE CEMENTING • 2ND STAGE

1 STG 2,045.00 2,045.00
Discount : $818.00-

With the following configuration:
Number of Units 1 unit

007-161

17 MSC ON SITE,ADD HR.ZI

4 H 363.00 1,452.00
Discount : $580.80-

With the following configuration:

Number of Units 1 unit

007-203

Terms: if customer does not neve an aooroveo ooen account with Halliburton, ail sums are payable in casn at tne time of performance
of servicos or delivery of equipment, products, or materials, if customer has an approved open account, invoices are payable on 
the twentieth day after date of invoice. Customer agrees to pay interest on unpaid balance from the date oayable until paid at 
the nignest lawful contract rate applicable, but never to exceed 19% per annum. In tne event Halliburton employs an attorney 
for collection of anv amount. Customer ogrees to pay attorney fees of 20% of tne unpaid account, plus all collection and eourt 
costs.

PAGE 2 OF 8

MAR02-1302



Continuation 
invoice NO.

INVOICE

^^HALLIBURTON*

Halliburton Energy Services, Inc.

Dote
9Q3Q42QO__________ ! 02/14/2000

Reference Number Description QTY U/M Unit Price Amount

139 ADC (AUTO DENSITY CTRL) SYS, /JOB.ZI

1 JOB 920.00 920.00
Discount : $368.00-

With the following configuration:
NUMBER OF UNITS 1 each

04 6-OSO

114 R/A DENSOMETER W/CHART RECORDER,/JOB,2 1

1 JOB 380.00 380.00
Discount : $152.00-

With the following configuration:
NUMBER OF UNITS 1 each

or 9-500
-

88 PLUG CONTAINER RENTAL-1st Day

1 EA 533.00 533.00
Discount : $213.20-

Wth the following configuration:
NUMBER OF- DAYS 1 Days

019-243

90 QUICK LATCH ATTACHMENT

1 JOB 198.00 198.00
Discount : $79.20-

With the following configuration:
INCHES 7.000 in

0/9-25/

100013920 CEMENTER - TYPE P ES - 7 IN. 8RD

1 EA 3,568.00 3,568.00
Discount : $1,427.20-

71313.56625

CEMENTER * TYPE P ES • 7 IN. 3RD

20-26$ - SUITABLE FALSE W/K-55

Terms: If cusiomor does not have an approved open account with Halliburton, all sums are payable in cash at tno time of performance
of services or delivery of eouipmem. products, or materials. If customer has an aporoved open account, invoices are payable on 
tne twentioth day after date of invoice. Customer agrees to pay interest on unpaid balance from tne date ooyable until paid at 
the highest lawful contract rate applicable, Out never to exceed 13% per annum, in the event Halliburton employs an attorney 
(or collection of any amount. Customer agrees to pay attorney fees of 20% of tho unpaid account, plus ell collection and court 
costs.

PAGE 3 OF 8

MAR02-1303



INVOICE

HALLIBURTON
<3>

Halliburton Energy Services, Inc.

Continuation
Invoice No. | Date

30304200 _1 Pin‘■moo

Reference Number Description QTY U/M Unit Price Amount

100004673 PLUG SET * FREE FALL - 7 IN. 8RD &

Discount : $340.40-

373.1657!

PLUG SET - FREE FALL - 7 IN. 8R0 £
BUTTRESS 20-38# 2-STAGE CMTR - W/3.80

10 BAFFLE

1 EA 851.00 851.00

100004480 CENTRALIZER ASSY - API - 7 CSG X 8-1/2

Discount : $1,201.20-

806.80043

CENTRALIZER ASSY * API * 7 CSG X 8-1/2

HOLE - HINGED ■ W/WELOED IMPERIAL

BOWS

39 EA 77.00 3,003.00

100004626 CLAMP - LIMIT - 7 - HINGED -

Discount : $16.92*

CLAMP - LIMIT - 7 - HINGED -

FRICTION GRIP W/DRAW BOLT

3 EA 14.10 42.30

100005045 HALLIBURTON WELD-A KIT

Discount : $22.12-
HALUBURTON WELD-A KIT

3 EA 18.43 55.29

100004S08 SHOE-FLOAT- 7 8RD - 2-3/4 SUPER SEAL

Discount : $132.02-

SA - 837.14100

SHOE-FLOAT- 7 3RD - 2-3/4 SUPER SEAL

II VALVE

1 EA 330.05 330.05

100004781 COLLAR-FLOAT- 7 8RD 17-25<?/FT - 2-3/4

Discount : $ 1 59.62-

4A - 836.14700

COLLAR-FLOAT- 7 3RD I7-26H/FT - 2-3/4

SUPER SEAL II VALVE

1 EA 399.05 399.05

Terms: ll customer does not have an approved ooen account with Halliburton, ail sums ere p8yepie in cash at the time of performance
of services or delivery of eauioment. products, or materials. If customer nos an approved open account. Invoices are povooio on 
the iwentietn day after date of invoice. Customer agrees to pay interest on unpaid oaiance from the date oaya&ie until oaid at 
tne highest lawful contract rate apolicaote. out never to exceed 18% oer annum. In me event Halliounon emoioys an attorney 
for collection of any amount. Customer agrees to pay attorney tees of 20% of me unpaid occount. plus all collection and court 
costs.

PAGE A OF 6

MAR02-1304



INVOICE

^^HALLIBURTON®

Halliburton Energy Services, Inc.

Continuation.
Invoice No. Date
90304200 02/14/2000

Reference Number Description QTY U/M Unit Price Amount

12311 S3M CEMENT-HALLIBURTON LIGHT PREMIUM

Discount : $2,253.24-

soc-ua

495 SK 11.38 5,633.10

13383 SBM MUD FLUSH,Zl

Discount : $134.40-

018-315

420 GAL 0.80 336.00

100064173 CEMENT - CLASS G - S4 LB BAG

Discount : $260.80-

516.00399

CEtASNT - CLASS G • 9* IB BAG

50 SK 13.04 652.00

100005049 FLOCELE - 3/8 - 25 LB SACK

Discount : $130.82*

XXXXXXX 890. SOO 71

FLOCELE • 3/8 - 25 LB SACK

138 LB 2.37 327.06

100005051 CAL-SEAL * 100* BAG

Discount : $64.00-

XXXXXXX 890.50131

CAL-SEAL - JOOt BAG

5 SK 32.00 160.00

100003682 CHEM, BENTONITE, HALGEL (BULK)

Discount : $9.24-
506-121516.00259

CHEMICAL - BENTONITE - HALLIBURTON GEL

BULK

1 SK 23.1 1 23.11

Terms: If customor does not Rave an approved open account with Halliburton, ail sums are payable in cash at tne time of performance
of services or delivery of eauipment, products, or materials. If customer has an approved open account, invoices ere payable on 
the twentieth day after date of invoice. Customor agrees to pay interest on unpaid balance trom the date payable until paid at 
tne nignost lawful contract rate applicable, out nover to exceed 18% per annum, in tno event Halliburton employs an attorney 
for collection of any amount. Customer agrees to pay attorney fees of 20% of the unoaid account, plus all collection and court 
costs.

PAGE 5 OF 6
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• Continuation

invoice No. Oslo

■ / ll-IAI 1 IRI IDTrtM® 90304200 02/1 4/2000

INVOICE
Halliburton Energy Services, Inc.

flfil Q?ird

Reference Number Description QTY U/M Unit Price Amount

INVOICE SUBTOTAL

DISCOUNT

INVOICE AMOUNT

Sales Tax - State

2S.285.19

11.714.07

17,571.12

702.83

NVOICE TOTAL - PLEASE PAY THIS AMOUNT

josjo1!
.

18.273.95

Terms: If customer does not have an aooroveo open account with Halliburton, all sums are payable in cash at the time of oerformance
of services or delivery of ecuioment. orocucts. or materials, if customer nas an aooroved open account, invoices ars oayaole on 
the twentieth oay after cate of invoice. Customer agrees to cay interest on unpaid balance from the date payable until oeid at 
the highest lawful contract rate applicable, but never to exceed 18% per annum, in tno event Hoiliourton employs an attorney 
for collection of any amount. Customer ogrees to pny attorney lees of 20% of tne unpaid account. plu3 all collection and court 
costs.

PAGE 6 OF 6

MAR02-1306



SOU) TO SHIP TO Page I of 7

G HALLIBURTON0
Halliburton Energy Services, Inc.

TICKET TYPE COMPANY CODE HALLIBURTON OROEn NO.

Services 1100 436572
CUSTOMER P.O. NO. JOB DATE PRIMARY SERVICE LOC.

AGL# 9364 02/09/2000 Casper. WY. USA

MARATHON OIL CO 
539 S MAIN 
FINDLAY OH 45840 
USA

WEU. OPERATOR

MARATHON BASTON A032, PARK
I.EASE NAME / OFFSHORE AREA

BASTON
WELL NUMBER

A #32
WELL PERMIT NO.

ADDRESS

CITY. STATE. HIP CODE

CODY WY 82414 US

SALES OFFICE • WELL TYPE waL CATEGORY RIG NAME / NO.

Rocky Mountains BD Oil Development MARATHON OIL CO

ITEM MArFittAL -. nrscniprioN —n * -----"w—!x - s

UNIT UNIT PRICE
>

AMOUNT

10 7523 PSL-CMT CEMENT PRODUCTION CASING-BOM
Casper, WY, USA LOO JOB 0.00 0.00

JP035

20 1 MILEAGE FROM NEAREST HES BASE./UNIT.ZI
Casper, WY, USA 180 Ml 3.65 657.00

180 Ml 1.46- 262.80-
180 Ml 2.19 394.20

000-117
Willi the following configuration:
Number of Units 1 unit

30 2 MILEAGE FOR CEMENTING CREW.ZI
Casper, WY, USA 180 MI 2.15 387.00

180 Ml 0.86- 154.80-
180 Ml 1.29 232.20

000-119
With the following configuration:
Number of Units 1 unit

TOTAL FROM THIS PAGE 626.40
TOTAL FROM NEXT PAG6IS) 17.103.72
SUBTOTAL /75V.7J l7r730.T2
TAXES 702-2'7 709:19-
GHANO TOTAL /T27Y.5VT8-439:31-

US Dollars

M
A

R
02

-1
30

7



c'HALLIBURTON

Mallilnirlun Energy Services. Inc.

HALLIBURTON ORDER NO: 436572 Coni. MARATHON OIL CO Page 2 of

itlr f ?DE£cnip{7i0H^ »■ ,
y > tOCATloM ; - „ -gvY .. '..., 't-'f < ;fjV> ■ >- 6rY jllNIT |tjNlF>HlcB>- AMOUNT

60

70

90

100

110

ENVIRONMENTAL SURCHARGE,/JOB,ZI

3958

3965

3975

Casper, WY. USA 1.00 JOB 55.00 55.00
1.00 JOB 22.00- 22. (JO-
1.00 JOB 33.00 33.00

000-150

IRON SAFETY INSPECTION SURCHARGE /JOB ZI
Casper, WY, USA 1.00 JOB 33.00 33.00

1.00 JOB 13.20- 13.20-
1.00 JOB 19.80 19.80

000-151

FIELD STORAGE BIN ON SITE >8 HRS,DAY,ZI
Casper, WY, USA i 1 DAY 265.00 265.1XJ-

t 1 DAY 106.00- 106)00-
1 DAY 159.00

500-038
Willi the following configuration:
NUMBER OF UNITS 1 cacli

HANDLE&DUMP SVC CHRG, CMT&ADDITIVES.ZI
Casper, WY, USA 553.00 CF 1.66 917.98

553.00 CF 0.66- 367.19-
553.00 CF 1.00 550.79

500-207 •
Willi llie following configuration:
NUMBER OF EACH 1 each

MILEAGE,CMTG MTLS DEL/RETURNED,ZI
Casper, WY, USA 2,273.0 TMI 1.25 2,841.25

2,273.0 TMI 0.50- 1,136.50-
2,273.0 TMI 0.75 1,704.75

500-306
Willi llie following configuration:
NUMBER OF TONS 1.00 Ion

M
A

R
02

-1
30

8



HALLIBURTON ORDER NO: 436572 Coni. MARATHON OIL CO Page 3 of 7
HALLIBURTON

©

Halliburton Energy Services, Inc

fUM •MATEflAI DESCflPTtON
tmrf IINIt WOCL

■*
<?' ^ AMOlJtol:

130 132 PORTABLE DAS,/DAY/JOB,ZI
Casper, WY, USA 1.00 JOB 760.00 760.00

: 1.00 JOB 304.00- 304.00-
1.00 JOB 456.00 456.00

045-050
Willi llie following configuraliou:
NUMBER OF DAYS 1 Days

140 15 MULTIPLE STAGE CEMENTING - 1ST STAGE
Casper, WY, USA 1.00 UN 2,726.00 2,726.00

1.00 UN 1,090.40-. 1.090.40-
1.00 UN 1,635.60 1,635.60

007-013
Willi the following configuration:
CHARGE BY FT OR RANGE OF FEET ' 4,120 ft

150 16 MULTIPLE STAGE CEMENTING - 2ND STAGE
Casper. WY. USA 1.00 STG 2.045.00 2,045.00

1.00 STG 818.00- 818.00-
1.00 STG 1,227.00 1,227.00

007-161
Willi the following configuration:
Number of Units 1 unit

160 17 MSC ON SITE,ADD I1R.ZI .
Casper, WY, USA 4.000 11 363.00 1,452.00

4.000 H 145.20- 580.80-
4.000 II 217.80 871.20

007-203
Willi the following configuration:
Number of Units I unit

170 139 ADC (AUTO DENSITY CTRL) SYS, /JOB.ZI
Casper, WY, USA 1.00 JOB 920.00 920.00

1.00 JOB 368.00- 368.00-
1.00 JOB 552.00 552.00

046-050
With the following configuration:

M
A

R
02

-1
30

9



HALLIBURTON ORDER NO: 436572 Cont. MARATHON OIL CO Page 4 of 7© HALLIBURTON®

Halliburton Energy Services. Inc.
ITEM MATEBIAI

LOCATION
DF6C.R1PT10N

Unit UNIT l>|UCll AMOUfol

NUMBER OF UNITS 1 each

180 114 R/A DENSOMETER W/CHART RECORDER,/JOB,ZI
Casper. WY, USA; 1.00 JOB 380.00 380.00

1.00 JOB 152.00- 152.00-
1.00 JOB 228.00 228.00

019-500
Willi (lie following configuration:
NUMBER OF UNITS 1 each

190 88 PLUG CONTAINER RENTAL-1st Day
Casper. WY, USA 1.00 EA 533.00 533.00

1.00 EA 213.20- 213.20-
1.00 EA 319.80 319.80

019-248 .
Willi the following configuration:
NUMBER OF DAYS 1 Days

200 90 QUICK LATCH ATTACHMENT
Casper. WY, USA 1.00 JOB 198.00 198.00

1.00 JOB 79.20- 79.20-
1.00 JOB 118.80 118.80

019-251
Willi the following configuration:
INCHES 7.000 in

210 100013920 CEMENTER - TYPE P ES - 7 IN. 8RD
Casper, WY, USA 1.00 EA 3,568.00 3,568.00

1.00 EA 1,427.20- 1,427.20-
1.00 EA 2,140.80 2,140.80

71813.56625
CEMENTER - TYPE P ES - 7 IN. 8RD
20-26# - SUITABLE F/USE W/K-55

220 100004673 PLUG SET - FREE FALL - 7 IN. 8RD &
Casper, WY, USA 1.00 EA 851.00 851.00

1.00 EA 340.40- 340.40-
1.00 EA 510.60 510.60

' 813.16571

M
A

R
02

-1
31

0



GHALLIBURTON
HALLIBURTON ORDER NO: 436572 Cont. MARATHON OIL CO Page 5 of

MflIli[jiir»on Energy Services, Inc.

ITFM r/AKHlAI
____________________ LOCATION

iffi
*#|sls

DfscniPtioN M pp wmm
- ' lINlf MilOty unit Unit H0C6________ m _____amount

230

240

250

260

270

100004480
Casper, WY. USA

100004626
Casper, WY, USA

100005045
Casper, WY, USA

100004908
Casper, WY, USA

100004781
Casper, WY, USA

PLUG SET - FREE FALL - 7 IN. 8RD & 
BUTTRESS 20-38# 2-STAGE CMTR - W/3.80 
ID BAFFLE

CENTRALIZER ASSY - API - 7 CSC. X 8-1/2
39.00 EA 
39.00 EA 
39.00 EA

806.60043
CENTRALIZER ASSY - API - 7 CSG X 8-1/2 
HOLE - HINGED - W/WELDED IMPERIAL 
BOWS

CLAMP - LIMIT - 7 - HINGED

CLAMP - LIMIT - 7 - HINGED - 
FRICTION GRIP W/DRAW BOLT

HALLIBURTON WELD-A KIT

HALLIBURTON WELD-A KIT

3.00 EA 
3.00 EA 
3.00 EA

3.00 EA 
3.00 EA 
3.00 EA

SHOE-FLOAT- 7 8RD - 2-3/4 SUPER SEAL
LOO EA 
LOO EA 
1.00 EA

5A - 837.14100
SHOE-FLOAT- 7 8RD - 2-3/4 SUPER SEAL
II VALVE

COLLAR-FLOAT- 7 8RD l7-26#/FT - 2-3/4
LOO EA 
1.00 EA 
LOO EA

4A - 836.14100

77.00
30.80-
46.20

14.10
5.64-
8.46

18.43
7.37-

11.06

330.05
132.02-
198.03

399.05
159.62-

239.43

3,003.00
1,201.20-

1,801.80

42.30
16.92-
25.38

55.29
22.12-

33.17

330.05
132.02-
198.03

399.05
159.62-
239.43



Page 6 of 7c HALLIBURTON®

HALLIBURTON ORDER NO: 436572 Coni. MARATHON OIL CO

Halliburton Energy Services, Inc.

.rFM -MATERIAL illiilllillilSlllll! DEscmeuot ' ' '
IJTV IlMT IjNlt t>HICC

'
, ' AMOUNf.S

COLLAR-FLOAT- 7 8RD 17-26#/FT - 2-3/4
SUPER SEAL II VALVE

290 12311 SBM CEMENT-HALL1BURTON LIGHT PREMIUM
Casper, WY, USA 495.00 SK 11.38 5,633.10

495.00 SK 4.55- 2,253.24-
495.00 SK 6.83 3,379.86

504-118

330 13383 SBM MUD FLUSH.Zl
Casper, WY, USA 420.00 GAL 0.80 336.00

420.00 GAL 0.32- 134.40-
420.00 GAL 0.48 201.60

018-315.

360 100064173 CEMENT - CLASS G - 94 LB BAG
Casper, WY. USA 50.00 SK 13.04 652.00

50.00 SK 5.22- 260.80-
50.00 SK 7.82 391.20

516.00999
CEMENT - CLASS G - 94 LB BAG

370 100005049 FLOCELE - 3/8 - 25 LB SACK
Casper, WY, USA 138.00 LB 2.37 327.06

138.00 LB 0.95- 130.82-
138.00 LB 1.42 196.24

XXXXXXX 890.50071
FLOCELE. - 3/8 - 25 LB SACK

380 100005051 CAL-SEAL - 100# BAG
Casper, WY, USA 5.00 SK 32.00 160.00

5.00 SK 12.80- 64.00-
5.00 SK 19.20 96.00

XXXXXXX 890.50131
CAL-SEAL - 100# BAG

M
A
R
0
2
-
1
3
1
2



Paye 7 of 7© HALLIBURTON HALLIBURTON ORDER NO: <136572 Coat. MARATHON OIL CO

Halliburton Energy Services, Inc.

?ITEMpSi
{/Vl ^ V

LOCATION

lip

___

, DESCRIPTIONtmss&m:? sssssssssss^s
■* ■■

’jy
iisl Unit iilii wmmmm

Uni i Hfiicii
• ..... .......... w*....

AMOUNT

390 100003682
Casper, WY, USA

C1IEM, BENTONITE, HALGEL (BULK)
1.00 SK 
1.00 SK 
1.00 SK

506-121516.00259
CHEMICAL - BENTONITE - HALLIBURTON GEL 
BULK

INVOICE AMOUNT 
Sales Tax - Stale

INVOICE TOTAL

23.11 23.11
9.24- 9.24-

13.87 13.87

/T57/.73

•703.^7

irain^i

L7t730:T7
709H9-

i8;439:3I- 
US Dollnrs

M
A

R
02

-1
31

3



SOU) TO Page 1 of 7SHIP TO
© HALLIBURTON®

Halliburton Energy Services, Inc.

TICKET TYPE COMPANY COOE HALLIBURTON ORDER NO.

Services 1100 436572
CUSTOMER P.O. NO. JOB DATE PRIMARY SERVICE LOC.

AGUT 9364 02/09/2000 Casper, WY. USA

MARATHON OIL CO 
539 S MAIN 
FINDLAY OH 45840 
USA

cVU

* /

SALES OFFICE

Rocky Mountains BD

WELL TYPE

Oil

rCi
\&A.

WELL OPERATOR

MARATHON BASTON A#32, PARK
LEASE NAME / OFFSHORE AREA

BASTON
WELL NUMBER

A #32
WELL PERMIT NO.

CITY. STATE. ZIP COOE

CODY WY 82414 US

WELW L

Development

RIG NAME / NO.

MARATHON OIL CO

ITEM|i§I MATERIAL
ill" , IOCAUON ' _____

V« *■ / 5 <*s
S A ".V\ \A ' ' . A WV * k

QTY U" T ' UNIT PWCt _______ ^^AMOUNT

10 7523
Casper, WY, USA

PSL-CMT CEMENT PRODUCTION CASING-BOM
LOO JOB

JP035
0.00 0.00

20

30

Casper, WY, USA
MILEAGE .FROM NEAREST HES BASE,/UNIT,Z1 

•;• 180 MI
180 Ml
180 MI

3.65
1.46-

2.19
000-117

With the following configuration: 
Number of Units

Casper, WY, USA

AFE #. 
ACCT. CAT.

MILEAGE F IRtCENUcHTINGvj'rixm r<

mm
!CHARGE.
-Of-iiL

^ r

SET1 r °PRV. PDR --------
k^srnrnmmmtmmm

.DATE.

180 Ml

2.15
0.86-

1.29
000-119

With the following configuration:
Number of Units 1 unit

657.00
262.80-
394.20

387.00
154.80-
232.20

INVOICE INSTRUCTIONS

PAYMENT TERMS

Net due in 20 days
HALLIBURTON APPROVAL

HALLIBURTON OPERATOR / ENGINEER CUSTOMER SIGNATURE

TOTAL FROM THIS PAGE 626.40
TOTAL FROM NEXT PAGE(S) 17.103.72
SUBTOTAL 17571-71 -F7r730rf2
TAXES 701,Y 7 709719-

GRAND TOTAL 1727459
US Dollars

l15-i I-
Jo?-

jxiP*

M
A

R
02

-1
31

4



HALLIBURTON ORDER NO: 436572 Coni. MARATHON OIL CO Page 2 of 7o HALLIBURTON0Halliburton Energy Services, Inc.

HEM MATER1AI
toconoN

60

70

90

100

---------- !

______
_______________________________________________________Qty ijnii_____________________________Uni| pjuu! .___________ ________af/oiiNT

ENVIRONMENTAL SURCHARGE./JOB.ZI

3958

3965

3975

500-306
Willi the following configuration: 
NUMBER OF TONS LOO ion

Casper, WY, USA 1.00 JOB 55.00 55.00
LOO JOB 22.00- 22.00-
LOO JOB 33.00 33.00

000-150

IRON SAFETY INSPECTION SURCHARGE /JOB ZI
Casper, WY, USA LOO JOB 33.00 33.00

1.00 JOB 13.20- 13.20-
1.00 JOB 19.80 19.80

000-151

FIELD STORAGE BIN ON SITE >8 HRS,DAY,ZI
Casper, WY, USA 1 DAY 265.00 *65.OR/

t 1 DAY 106.00- 106sR0-
I DAY 159.00 -1^9^

500-038
With the following configuration:
NUMBER OF UNITS 1 each

HANDLE&DUMP SVC ClIRG, CMT&ADDIT1VES.ZI
Casper, WY, USA 553.00 CF 1.66 917.98

553.00 CF 0.66- 367.19-
553.00 CF LOO 550.79

500-207
Willi the following configuration:
NUMBER OF EACH 1 each

MILEAGE.CMTG MTLS DEL/RETURNED,ZI
Casper, WY, USA 2,273.0 TMI 1.25 2,841.25

2,273.0 TMI 0.50- 1,136.50-
2,273.0 TMI 0.75 1,704.75

M
A

R
02

-1
31

5



HALLIBURTON ORDER NO: 436572 Cont. MARATHON OIL CO Page 3 of 7o HALLIBURTON0

Halliburton Energy Services, Inc.
11 fcM MAItBtAI

LOCATION

DtbcnnmuN

OT\ UNIT

'
UNIT PRUT AMOUNT

130 132
Casper, WY, USA

PORTABLE DAS,/DAY/JOB,ZI
1.00 JOB 760.00 760.00
1.00 JOB 304.00- 304.00-
1.00 JOB 456.00 456.00

045-050
Willi the following configuration:
NUMBER OF DAYS l Days

140 15 MULTIPLE STAGE CEMENTING - 1ST STAGE
Casper, WY, USA 1.00 UN 2,726.00 2,726.00

1.00 UN 1,090.40- 1,090.40-
1.00 UN 1,635.60 1,635.60

007-013
With the following con figuration:
CHARGE BY FT OR RANGE OF FEET ' 4,120 ft

150 16 MULTIPLE STAGE CEMENTING - 2ND STAGE
Casper, WY, USA 1.00 STG 2,045.00 2,045.00

1.00 STG 818.00- 818.00-
1.00 STG 1,227.00 1,227.00

007-161
Willi the following configuration:
Number of Units I unit

160 17
Casper, WY, USA

MSC ON SITE,ADD HR.ZI
4.000 H 363.00 1,452.00
4.000 H 145.20- 580.80-
4.000 H 217.80 871.20

007-203
With the following con 
Number of Units

figuration:
1 unit

170 139 ADC (AUTO DENSITY CTRL) SYS, /JOB.Zl
Casper, WY, USA 1.00 JOB 920.00 920.00

1.00 JOB 368.00- 368.00-
1.00 JOB 552.00 552.00

046-050
With the following configuration:

M
A

R
02

-1
31
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HALLIBURTON ORDER NO: -136572 Coni. MARATHON OIL CO Page 4 of 7© HALLIBURTON

Halliburton Energy Services, Inc.
(KM ,

' ”
Vmatehum

lOi-AtiaN

DcSCmPT10N ? < miiiipiitlt
UNIT PRIG4: amount-

NUMBER OE UNITS 1 each

180 1 14 R/A DENSOMETER W/CHART RECORDER,/JOB,ZI
Casper, WY, USA 1.00 JOB 380.00 380.00

1.00 JOB 152.00- 152.00-
1.00 JOB 228.00 228.00

019-500
Willi (lie following configuration:
NUMBER OF UNITS 1 each

190 88 PLUG CONTAINER RENTAL-1st Day
Casper, WY, USA 1.00 EA 533.00 533.00

1.00 EA 213.20- 213.20-
1.00 EA 319.80 319.80

019-248
With the following configuration *

NUMBER OF DAYS 1 Days

200 90 QUICK LATCH ATTACHMENT
Casper, WY, USA 1.00 JOB 198.00 198.00

1.00 JOB 79.20- 79.20-
1.00 JOB 118.80 118.80

019-251
With the following configuration:
INCHES 7.000 in

210 100013920 CEMENTER - TYPE P ES - 7 IN. 8RD
Casper, WY, USA 1.00 EA 3,568.00 3,568.00

1.00 EA 1,427.20- 1,427.20-
1.00 EA 2,140.80 2,140.80

71813.56625
CEMENTER - TYPE P ES - 7 IN. 8RD 
20-26# - SUITABLE F/USE W/K-55

220 100004673 PLUG SET - FREE FALL - 7 IN. 8RD &
Casper, WY, USA 1.00 EA 851.00 851.00

1.00 EA 340.40- 340.40-
1.00 EA 510.60 510.60

813.16571

O

*5



HALLIBURTON ORDER NO: 436572 Coni. MARATHON OIL CO Page 5 of 7OHALLIBURTON

Halliburton Energy Services, Inc.

, ' <, ■r.,->;..,,nn,' iimit v- ;__________ JJNirsgji|j3{%sa&as&
MEM. MATERIAL

______________________________ LOCATION____________________________

- DESCRIPTION

< i ^>i ''iiij .:.:..v.,;^.y >;
^ V %

230 100004480
Casper, WY, USA

240 100004626
Casper, WY, USA

250 100005045
Casper, WY, USA

260 100004908
Casper, WY, USA

270 100004781
Casper, WY, USA

PLUG SET - FREE FALL - 7 IN. 8RD & 
BUTTRESS 20-38# 2-STAGE CMTR - W/3.80 
ID BAFFLE

CENTRALIZER ASSY - API - 7 CSG X 8-1/2
39.00 EA 
39.00 EA 
39.00 EA

806.60043
CENTRALIZER ASSY - API - 7 CSG X 8-1/2 
HOLE - HINGED - W/WELDED IMPERIAL 
BOWS

CLAMP - LIMIT - 7 - HINGED

CLAMP - LIMIT - 7 - HINGED - 
FRICTION GRIP W/DRAW BOLT

HALLIBURTON WELD-A KIT

HALLIBURTON WELD-A KIT

3.00 EA 
3.00 EA 
3.00 EA

3.00 EA 
3.00 EA 
3.00 EA

SHOE-FLOAT- 7 8RD - 2-3/4 SUPER SEAL
1.00 EA 
1.00 EA 
1.00 EA

5A - 837.14100
SHOE-FLOAT- 7 8RD - 2-3/4 SUPER SEAL
II VALVE

COLLAR-FLOAT- 7 8RD !7-26#/FT - 2-3/4
1.00 EA 
1.00 EA 
1.00 EA

4A - 836.14100

77.00
30.80-
46.20

14.10
5.64-
8.46

18.43 
7.37- 

11.06

330.05
132.02-
198.03

399.05
159.62-

239.43

3,003.00
1,201.20-
1,801.80

42.30
16.92-
25.38

55.29
22.12-

33.17

330.05
132.02-
198.03

399.05
159.62-
239.43

M
A

R
02

-.
13

18



11ALLIHIJRTON ORDER NO: 436572 Coni. MARATHON OIL CO Page 6 of 7OHALLIBURTON

Halliburton Energy Services, Inc.
"“siTefrt MATER1AI

v. -.v>.
tOCATIMN

DESCRIPTIONS '
Q1Y OUT

'
tjNlf PRIU* ..............

COLLAR-FLOAT- 7 8RD 17-26#/FT - 2-3/4
SUPER SEAL II VALVE

290 12311 SBM CEMENT-HALLIBURTON LIGHT PREMIUM
Casper, WY. USA 495.00 SK 11.38 5,633.10

495.00 SK 4.55- 2,253.24-
495.00 SK 6.83 3,379.86

504-118

330 13383 SBM MUD FLUSH,Z1
Casper, WY, USA 420.00 GAL 0.80 336.00

420.00 GAL 0.32- 134.40-
420.00 GAL 0.48 201.60

018-315

360 100064173 CEMENT - CLASS G - 94 LB BAG
Casper, WY, USA 50.00 SK 13.04 652.00

50.00 SK 5.22- 260.80-
50.00 SK 7.82 391.20

516.00999
CEMENT - CLASS G - 94 LB BAG

370 100005049 FLOCELE - 3/8 - 25 LB SACK
Casper, WY, USA 138.00 LB 2.37 327.06

138.00 LB 0.95- 130.82-
138.00 LB 1.42 196.24

XXXXXXX 890.50071
FLOCELE - 3/8 - 25 LB SACK

380 100005051 CAL-SEAL - 100# BAG
Casper, WY, USA 5.00 SK 32.00 160.00

5.00 SK 12.80- 64.00-
5.00 SK 19.20 96.00

XXXXXXX 890.50131
CAL-SEAL - lOO#' BAG



©'HALLIBURTON

Halliburton Energy Services, Inc.

HALLIBURTON ORDER NO: 436572 Com. MARATHON OIL CO Pario 7 of

ItfM MATEfllAI PESCfllPIlUN mmmm '

LOCATION mm nTY IlNll UNIT PtUfR AMOUNT

390 100003682
Casper, WY, USA

CHEM, BENTONITE, HALGEL (BULK)
1.00 SK 
1.00 SK 
1.00 SK

506-121516.00259
CHEMICAL - BENTONITE - HALLIBURTON GEL 
BULK

INVOICE AMOUNT 
Sales Tax - State

INVOICE TOTAL

23.11 
9.24- 

13.87

23.11
9.24-
13.87

I15H.12

102 $7
-709rT9

-18t439:31- 

US Dollars
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U.S. Geological Survey Earth Science Information Center Open-File Reports Section Box 25286, 
MS 517 Denver Federal Center Denver, CO 80225 USGS Water-Resources Investigations Report 
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Abstract

The extent of saline-water contamination in Quaternary deposits in and near the East Poplar oil field 
may be as much as 12.4 square miles and appears to be present throughout the entire saturated zone. 
The saline-water contamination affects 9-60 billion gallons of ground water. Saline- contaminated 
water moves westward through Quaternary glacial deposits and merges with southward-flowing 
water in Quaternary alluvium in the Poplar River valley. Saline ground water discharges into the 
Poplar River, and increases the dissolved-solids and chloride concentrations of the river. The 
probable source of saline-water contamination in the Quaternary deposits is brine that is a byproduct 
of the production of crude oil in the East Poplar oil field study area.

Keywords

Saline-water contamination, East Poplar oil field, Northeastern Montana, Brine, Electromagnetic 
geophysics

State

MT
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MERIT. EXF 
(3/4/99)

EXHIBIT "F"

czei-zohvw

Attached To and Made a Pan of That Certain 
Purchase and Sale Agreement 

By and Between
Marathon Oil Company, as Seller 

and
Merit Partners, L.P., et al, as Purchaser 

Valuation Date: January 1, 1999.

[closing date], 1999

[name and address 
of the
purchaser of production]

Re: Purchase and Sale Agreement dated March___ , 1999, with a Valuation Date of January 1, 1999,
by and between Marathon Oil Company, as Seller, and Merit Partners, L.P., et al, as Purchaser.

Gentlemen:

On [closing date], 1999 Marathon Oil Company ("MOC”) sold to Merit Partners, L.P., et al ("Purchaser") 
all of its right, title and interest in certain producing properties in the state of Wyoming. MOC has 
heretofore been responsible for the payment of proceeds to those entitled thereto from the properties, or 
a portion thereof, both as to liquid and gaseous hydrocarbons.

As it is essential that there be no interruption in payments to third parties entitled to portions of such 
proceeds from production because of MOC's sale to Purchaser, MOC will handle disbursements in its 
normal course of business for all oil and liquid hydrocarbons produced and sold from the subject properties
through ["A" last day of the month, sixty days from 1st day of month following Closing], 199__, and for
all gas and gaseous hydrocarbons produced and sold from the subject properties through [same as "A"],
199__. Thereafter, Purchaser shall assume responsibility for such disbursements. If requested by MOC,
Purchaser agrees to provide MOC with any information in its possession which will assist MOC in 
performing the service contemplated herein.

During the term of this agreement, Purchaser agrees to direct the current remitter of proceeds to continue 
remitting such proceeds to MOC. If Purchaser causes the remitter of proceeds to cease to remit proceeds 
for such production as to the subject properties to MOC, MOC shall immediately cease to be responsible 
for disbursements of proceeds from such production.

Any cross accounting for proceeds for production heretofore received by MOC subsequent to the Valuation 
Date of such sale and the present time shall be accounted for between Purchaser and MOC in accordance 
with the Purchase and Sale Agreement. This shall include any operating costs or expenses which MOC 
may have incurred during such period as well.

At such time as MOC ceases to be responsible for such disbursements, MOC will promptly turn over to 
Purchaser all records as to changes in title which MOC may have acquired during such period of time, 
together with all funds which MOC may have in suspense due third parties from such production, together
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Reconnaissance Evaluation of Contamination of the Alluvial Aquifer in the East Poplar Oil 
Field, Roosevelt County, Montana

Author

Levings, G.W.

Corporate Author

Geological Survey Helena, MT. Water Resources Div.

Availability

Available from: OFSS, USGS Box 25425 Lakewood, CO 80225. USGS Water-Resources 
Investigations Report 84-4174, 1984. 29 p, 10 fig, 4 tab, 12 ref.

Abstract

Water moving from north to south in the alluvial aquifer of the Poplar River valley becomes 
contaminated with sodium chloride in the area underlain by the East Poplar oil fields. Four types of 
ground water were identified in the study area. Type 1 is sodium bicarbonate water. Type 2 is 
sodium chloride water with varying quantities of calcium and magnesium. Type 3 water contains 
sodium and chloride in significantly larger concentrations than Type 2. Type 4 water is the brine 
being injected into brine-disposal wells. Contamination of the alluvial aquifer is indicated by a 
brine-freshwater interface in the alluvium, by downstream increase in chloride concentration of the 
Poplar River, and by downstream change in water type of the Poplar River. Contamination also may 
be indicated by the distribution of iron and manganese concentrations in water from wells near a 
brine-disposal well. Possible sources of sodium chloride contamination in the alluvium are 
brine-disposal wells, pipelines, and storage or evaporation pits. The contamination can occur from 
leaks in the casing of disposal wells or in pipelines caused by the corrosive nature of the brine or 
from storage or evaporation pits that have been improperly sealed or have sustained tears in the 
sealing material. (USGS)

Keywords
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sources Water quality Observation wells Surface water Data collections Poplar River Valley Poplar 
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Year

1984

Source

SWRA 1997 MAR02-1324

http://water.usgs.gov/lookup/getabstract7WRI844174 3/19/99



12
:3

3P
M

 H
3-

E
L
L

 CO
R
P
 18TH

 FL

The OWo Ofl Company
1/1/58

*

1

W-057720 USA'

W-059264 USA

W-27400 USA

W-OOOCI USA

W-0228 USA

VV-D4B007 USA

W-01003 USA

W-01003-A USA

Cheyctmo 070448 USA

W-012153 USA

The Midwest Refining Company 

»
The Midwest Refining Company

Grass Creak 08 Company
8/23/40

pen American Petrotewn Corporation ■ 3/1/71

Gerald J. Ke*og
6/1/51

Fred M. Manning Co. 5/1/50

Hie OMo 08 Co., et M 2/10/41

Fred M. Manning Co. 7/1/50

Fred *8. Manning Co. 7/1/50

Fred M. Manning Co. 4/1/50

D. G. Gordon
4/1/52

M1NEBAUMESESI&
Stanrtonndoq and Cos Company 11,102

Standoflnri CHI and Gas Company 11,102

2

EjttfatA

MAR02-1325

T<Mnswn 43^^nfse/THEM. ea se/«

Tn^ia ff» West.
Section 21: Lots9&lo

Soctkml7: NE/4NW/4

Section21: Lots3A7 
Section 29: Tract 5345 (42.9Z)

Section 29: Tracts 63A (43.89)

Tn^nshta 46 Nwdli.P^W? ^ W/rt. ^ 
Section 24: 8E/4NE/4

Section 20: lot 3 (38.69)

SE/4

Tnvmshto 46 
s£lion29rSW4NW/4

05/205

21/284

21/287



USGS Abstract - Open-File Repoit 95-749 Page 1 of 2
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Hydrologic data for the East Poplar Oil Field, Fort Peck Indian Reservation, northeastern 
Montana

Author

J. N. Thamke, S. D. Craigg, and T. M. Mendes

Availability

Available from USGS, Earth Science Information Center, Open-File Reports Section, Box 25286,
MS 517, Denver Federal Center, Denver, CO 80225, USGS Open-File Report 95-749, 92 p, 5 figs, 
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Abstract

This report presents selected hydrologic data for the East Poplar oil field, located in the 
south-central part of the Fort Peck Indian Reservation in northeastern Montana. Data about the 
occurrence, quantity, and quality of ground and surface water are presented in tabular form. The 
tables contain records of privately owned wells (active and abandoned), monitoring wells installed 
by the U.S. Geological Survey and Montana Bureau of Mines and Geology, oil wells, and 
brine-injection wells; lithologic descriptions of drill cuttings and well-completion data from 
monitoring wells; data from two aquifer tests conducted in Quaternary alluvial and glacial deposits; 
chemical quality of ground water; and information on the quantity and chemical quality of surface 
water. Records of electromagnetic geophysical measurements collected throughout an area of about 
20 square miles of the study area are compiled and included on a floppy disk. Illustrations in this 
report contain information about study area location, site- numbering system, general physical and 
cultural features, and construction of monitoring wells installed by the U.S. Geological Survey, 
plate-sized map presents additional information about privately owned wells, monitoring wells, oil 
wells, brine-injections wells, surface-water data-collection sites, and area of electromagnetic data 
collection. The data presented in this report provide a base with which to better define and interpret 
the occurrence, quantity, and quality of ground and surface water in the vicinity of the Poplar River 
Valley in the south-central part of the Fort Peck Indian Reservation. The data can be used to help 
delineate the occurrence of brine and saline water in Quaternary alluvial and glacial deposits in the 
East Poplar oil field.

Keywords

Saline water, Ground water, Water Quality, Electromagnetic
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LEASEHOLD INTERESTS (Including Roifalty 
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■ pjte Description
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SALINE-WATER CONTAMINATION IN QUATERNARY 
DEPOSITS AND THE POPLAR RIVER, EAST POPLAR 
OIL FIELD, NORTHEASTERN MONTANA

By Joanna N. Thamke and Steven D. Craigg

Abstract

The extent of saline-water contamination in 
Quaternary deposits in and near the East Poplar oil 
field may be as much as 12.4 square miles and 
appears to be present throughout the entire satu
rated zone. The saline-water contamination 
affects 9-60 billion gallons of ground water. 
Saline-contaminated water in Quaternary deposits 
east of the Poplar River generally moves westward 
toward the river and then southward in the Poplar 
River valley. Saline ground water discharges into 
the Poplar River, and increases the dissolved-sol- 
ids and chloride concentrations in the river. The 
probable source of saline-water contamination in 
the Quaternary deposits is brine that is a byproduct 
of the production of crude oil in the East Poplar oil 
field study area. There may be at least one source 
of saline-water contamination in the Quaternary 
deposits still contributing saline water to the aqui
fer.

Three types of water quality characterize the 
Quaternary deposits; a fourth type of water quality 
characterizes the brine. Type 1 is the uncontami
nated water quality—principally sodium bicar
bonate and sodium sulfate. Types 2 and 3 are 
contaminated ground-water quality—principally a 
sodium chloride, with dissolved-solids and chlo
ride concentrations larger than in Type 1. The con
centrations of dissolved-solids, sodium, and 
chloride are significantly larger in Type 3 than in 
Type 2 water quality, indicating considerably more 
contamination. Type. 3 water quality is similar to 
Type 4, which represents the brine as it is injected 
into brine-injection wells.

Electromagnetic apparent conductivity data 
collected in an area of about 21.6 square miles cor
relate well with ground-water quality. These data 
were collected and interpreted in conjunction with

water-quality data to delineate possible saline- 
water contamination plumes. Monitoring wells 
were subsequently drilled in some areas without 
existing water wells to confirm most of the delin
eated saline-water plumes; however, several possi
ble plumes do not contain either existing water 
wells or monitoring wells. Analysis of ground- 
water samples from both existing and newly 
drilled monitoring wells confirms the presence of 
7.3 square miles of contamination, as much as 2.0 
square miles of which is considerably contami
nated (Type 3). Electromagnetic apparent conduc
tivity data in areas with no wells delineate an 
additional 5.1 square miles of possible contamina
tion, 3.2 square miles of which might be consider
ably contaminated (Type 3). Brine-injection 
wells, oil wells, pipelines, and storage-tank facili
ties appear to be probable sources of the saline- 
water contamination in many of the plumes.

INTRODUCTION

The presence of saline-water contamination in 
Quaternary alluvium along the Poplar River was first 
noted in the late 1970’s, when landowners reported 
increased salinity of their domestic well water. A 
reconnaissance investigation by Levings (1984) deter
mined that water in the Quaternary alluvium was con
taminated by brine (water having a dissolved-solids 
concentration greater than 35,000 mg/L) from the pro
duction of oil. Levings indicated that additional study 
was necessary to determine the areal extent of contam
ination, rates of movement of brine, geochemical reac
tions that may occur, and changes in water quality with 
depth in the alluvium.

In the late 1980’s, other well owners indicated 
that water in Quaternary glacial deposits also was 
becoming more saline. In response to the reported 
increased salinity of ground water used for domestic
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and stock supplies within and near the East Poplar oil 
field, the USGS, in cooperation with the Water 
Resources Office of the Fort Peck Tribes, conducted a 
follow-up investigation of shallow water in Quaternary 
alluvium and glacial deposits. This investigation not 
only expanded on the previous study of Levings 
(1984), but also extended that study area southward 
and eastward to include the glacial deposits east of the 
Poplar River.

Purpose and Scope

This report describes the results of an investiga
tion to determine the extent, magnitude, and movement 
of saline-water contamination in Quaternary deposits 
and the Poplar River in the East Poplar oil field study 
area. Specifically, the report describes (1) the geologic 
setting of the East Poplar oil field study area, (2) the 
general hydrogeology of Quaternary deposits in terms 
of occurrence and movement of ground water, hydrau
lic characteristics of the deposits, water quality, and 
electromagnetic apparent conductivity, and (3) saline- 
water contamination in Quaternary deposits and the 
Poplar River, and possible sources of that contamina
tion.

As part of this investigation, existing geologic 
and hydrologic data were compiled, additional wells 
were drilled and inventoried, water samples were col
lected, an electromagnetic geophysical survey was 
conducted, and streamflow of the Poplar River was 
measured. All data were analyzed to determine the 
extent, magnitude, and movement of saline-water con
tamination. This is the second report published during 
the investigation; the first report contained the hydro- 
logic data that were collected (Thamke and others, 
1996).

Location and Geographic Setting

The East Poplar oil field study area encompasses 
the East Poplar oil field (about 30 mi2) and an addi
tional 40 mi2 around the oil field in northeastern Mon

tana, on the Fort Peck Indian Reservation. The 
southern extent of the study area is about 2 mi north of 
the town of Poplar (fig. 1). The study area is located in 
Tps. 28 and 29 N., and Rs. 50 and 51 E., in and adjacent 
to the Poplar River valley. The Poplar River flows gen
erally southward through the study area.

The study area is in the northern part of the Great 
Plains physiographic province, within the glaciated

section of the Missouri Plateau (Fenneman, 1931). 
Topography of the study area consists of a broad glacial 
bench of relatively low relief, dissected by the Poplar 
River and its tributaries (fig. 2).

Dryland fanning is practiced on the glacial bench 
and in some parts of the Poplar River valley. Livestock 
ranching also is practiced in parts of the study area. Oil 
wells, brine-injection wells, storage tanks, evaporation 
pits, pipelines, and various other structures associated 
with oil production are present throughout the study 
area (fig. 3).

Brief History of the East Poplar Oil Field

Oil production in the East Poplar oil field began 
in 1952 (Brunson, 1985, p. 889). The discovery well 
was drilled into Ordovician rocks to a depth below land 
surface of 9,163 ft and was completed on March 10, 
1952 in the Mississippian Madison Group at depths of 
5,524-5,827 ft (table 1 lists the generalized strati
graphic column). The major oil-producing formation 
is the Charles Formation of the Madison Group. A few 
wells were completed in the Mississippian Heath For
mation and Kibbey Sandstone, the Mission Canyon 
Limestone of the Madison Group, and the Devonian 
Nisku Formation. Producing horizons typically are at 
depths of about 5,500-6,000 ft. The average produc
tion during 1985 was about 600 bbl/d of oil, with a 6.5 
percent decline rate per year (Brunson, 1985, p. 890). 
Minor, gas production has been obtained from the 
Upper Cretaceous Judith River Formation (Brunson, 
1985, p. 890; Monson, 1989).

Along with the crude oil, brine (water having a 
dissolved-solids concentration greater than 35,000 
mg/L) has been produced. The production of brine 
ranged from as much as 17,000 bbl/d, or 6.2 million 
bbl/yr, in 1985 to 5.5 million bbl/yr in 1995 (Brunson, 
1985, p. 890; [Montana] Board of Oil and Gas Conser
vation, 1995a-d). The dissolved-solids concentration in 
the brine is as much as 201,000 mg/L (Thamke and oth
ers, 1996, table 6). Currently (1996), four brine-injec
tion wells are active, although at least 16 others were 
active at times during the oil-field’s history (Thamke 
and others, 1996, table 2; table 2 of this report). Of the 
four active brine-injection wells, one is completed in 
the Upper Cretaceous Judith River Formation and three 
are completed in a Lower Cretaceous sandstone that is 
called the “Dakota Sandstone” by the oil companies 
and the Fort Peck Tribes. Since 1985, a moratorium 
has been in effect on new permitting of brine-injection
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Figure 1. Location of the East Poplar oil field study area, northeastern Montana.
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A

B

Pumping Station 2

Figure 3. Various surface structures associated with oil production in the East Poplar oil field study area, northeastern Mon
tana. (A) View east (from NE 1/4 NW 1/4 SE 1/4 SE 1/4, sec. 19, T. 29 N„ R. 51 E.) of a brine-injection well (Murphy 5-D; 
pi. 3), and an evaporation pit (behind pump house). (B) View northwest (from NE 1/4 NW 1/4 NW 1/4 NW 1/4, sec. 32, T. 29 N., 
R. 51 E.) of monitoring wells (FPB92-1 and FPB93-2; Thamke and others, 1996, table 1) near storage tank facilities (Pumping 
Station 2).
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Table 1. Generalized stratigraphic column for the Montana part of the Williston Basin 
(Modified from Balster, 1980, and Rice, 1976a)

System Series Geologic unit

Holocene Alluvium
Quaternary Pleistocene

Fas alluvium
______  ___ and colluvium.
Gladal deposits, Sprole Sill <*naeu“*
Wiota Gravel

<;

Pliocene

Tertiary

RaxvIJte Formation

Fan Uoloo Formation

Upper
I Cretaceous

Cretaceous

Lower
Cretaceous

Hell Creek Formation 

Fox Hills Sandstone

Bearpaw Shale

Judith River Formation

CUggctt Shale

Eagle Sandstone

Telegraph Creek Formation

Niobrara Formation

Cartile Shale

Greenhorn Formation

Belle Fourcbe Shale

Mowry Shale

Newcastle Saodstooe

Skull Creek Shale

Fall River Sandstone

Futon Shale

Ukota Formaiioo

i

i System Series Geologic unit

Upper
Jurassic

Morrison Forrostioo

Swtfl Formation

|
Jurassic I Rierdon Formation

2 Middle Jurassic a Piper Formation

Nesson Foitnair’on

Trias sic

Spcartisb Formation

Permian Minnekabta Utncstooe

Opccfae Formation

Pennsylvanian
Mlnnelusa Sandstone

Tyler Formation

If Heath v-v
Formation S

0

1
Oner Formation u—1—

Mississippian A Kibbey Sandstone

r Charles Formaiioo

o Mission Caoyoo Umestooe

1 Lodgcpoie Umestooe

Devonian, Silurian, 
Ordovician, and 
Cambrian rocks, 
undivided

Sedimentary rocks consisting of sandstone, 
txhstooe. shale, limestone, and dolomite

Precambrian Crystalline igneous and mctamorphic rocks



Table 2. Approximate quantities of brine injected through brine-injection wells in the East Poplar oil field study area
[Site-numbering system illustrated in figure 4. Abbreviations: bbl/d. barrels per day; gal, gallon; gal/yr, gallons per year, Kjr, Judith RjveT Formation (Upper 
Cretaceous); Kd, “Dakota Sandstone” (Lower Cretaceous); Mm, Madison Group (Mississippi); Mmc, Mission Canyon Limestone of Madison Group; Ab, 
abandoned; Ac, active. Symbol: -, no data or not applicable; ?, uncertain]

Site number and 
well name

Geo
logic unit 
receiving 
injected 
water

Well
depth
below
land

surface
(feet)

Site
status

Average
Injection

rate
of water 
(bbl/d)

Maxi
mum Time Interval 

ln|ectlon during which 
rate Injection

of water occurred
(bbl/d)

Approximate quantity 
of brine Injected over 

time Interval 
(millions of gal)

Based on Based on 
average maximum 
injection injection 

rate rate

Remarks

28N51E02ACDB01 
Murphy 2-D

Kjr 834 Ab

28N51E03BCAC01 
Murphy 80-D

Kd 3,575 . Ac 2,700 4,500

28N51E04BCAC01 
Murphy 59-D

Kd 3,365 Ab 4500 6500

28N51E1 OABACOl 
Huber 4

Mm 6,063 Ab - -
28N51E10A3ADOI 

Huber l-W
Kjr 881 Ab

28N51E10DACA01 
Grace I10X-D

Mmc 7,000 Ab 1,827 3,000

28NSIE10DBAD01 
Murphy 8-D

Kjr 780(?) Ac 7,100 8,400

28N51E22BDBD01
TXO SWD-I

Kjr 850 Ab - —
28N5IE22CBCB01

Mesa l-W (Biere I)
Kjr 998 Ab - -

29N50E11CDCAO1 
Grace (Goings
Gov't) SWD-1

Kd 3,825(7) Ab ~ —

29N50E25DCDB01 
Murphy 44

Mm 5,864 Ab — “

29N J1E07BCDB01 
Grace (Buck Elk) 2

Kjr 5533 Ab 525 1500

29N51E07BDB 01 
Polumbus (Buck
Elk) l-W

Kjr 1,207 Ab

29N51E08DCCA01 
Murphy (Empire
State) Smith 1

Mm 5,982 Ab - -

29N51E16BAC 01 
Murphy (Empire
Slate) Rehder 7

Mm 5,750 Ab —

29N5IE16DDDB01 
Murphy (Owens- 
Simons) 1

Mm 5,780 Ab

29N51E19DDBA01 
Murphy S-D

Kd 3583 Ac 3,000 5,000

29N51E28CC 01 
Murphy 29-D

Kjr Ab 3525 4.725

29N51E30DDDD01 
Murphy 1-D

Kd 3,431 Ac 4,500 7500

29N51E33BBAB01 
Murphy 6-D

Ab - —

01/62 - (?) Reported injection test of 2,880 bbl/d 
of water in 1961; at this rate about 
44,150,400 gal/yr would have been 
injected for an unknown number of 
years. Abandonment date 
unknown.

01/64 - present 
(12/95)

1,283 2.138 -
06/61 -06/86 1,725 2,491 -
10T70-(?) - - Injection rare and abandonment date 

unknown.
10/61 -(?) Repotted injection rate of 696 bbl/d of 

water at this rate about 10,669,700 
gal/yr would have been injected for 
an unknown number of years. 
Abandonment date unknown.

10/73 - 05/85 324 533 -
01/73 - present 

(12/95)
2.395 2,833 -

05/81 -06/84 - .2 >5. Injection me unknown.

07/70 - 09/84 - - Injection rate unknown.

03/77 - 08/90 - - Injection rate unknown.

04/56 - 08/59(7) - - Reported iojection rate of 2.302 bbl/d 
of water, at this rate about
117515.000 pi total (or 35.290,000 
gal/yr) would have been injected.

12/67-01/86 153 437 Brine reportedly was injected 
sporadically.

02/61 -05/68 Repotted injection rate of 600 bbl/d of 
water, at this rate about 73,584,000 
gal total (or 9,198,000 gal/yr) would 
have been injected.

08/60-(7) - - Injection rate and abandonment date 
unknown.

09/60 - (?) - - Injection rate and abandonment date 
unknown.

10/60 - (?) - - Injection rate and abandonment date 
unknown.

02/76 - present 
(12/95)

912 1520 -

04/81(7)-10/87 321 471 —

09/57 - present 
(12/95)

2,639 4,398 -

- - Injection rate and completion and 
abandonment dates unknown.
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wells in the Judith River Formation. During 1993, 
about 6.1 million bbl of brine were disposed of 
through these four active brine-injection wells (Debi 
Madison, Fort Peck Tribes, Office of Environmental 
Protection, oral commun., 1994).

Historical data about the approximate quantities 
of brine injected through brine-injection wells were 
obtained from EPA and BLM well records, and are 
shown in table 2; the locations of known active and 
abandoned injection wells are shown on plate 3. Since 
brine injection began in the mid-1950’s, reported aver
age-daily injection rates for individual injection wells 
have ranged from 525 to 7,100 bbl/d of water (22,050- 
298,200 gal/d); reported maximum-daily injection 
rates have a range of 1,500-8,400 bbl/d (63,000- 
352,800 gal/d) of water (table 2). For most wells, the 
time interval for injection along with the approximate 
quantities of brine injected also are shown in table 2. 
Smaller, unknown quantities of brine have been 
directed into storage and evaporation pits (Levings, 
1984). According to BLM records, minor attempts 
have been made to reinject brine into oil-producing 
zones for secondary recovery, but at present (1996)'no 
such activity is occurring.

Murphy Oil USA, Inc. currently operates most of 
the wells in and near the East Poplar oil field, although 
various oil companies have been involved in past pro
duction activities. These companies include Ajax Oil 
Co., Amarco Resource Corp., Ashland Oil Inc., Carter 
Oil Co., Empire State Oil Co., Grace Petroleum Corp., 
Humble Oil and Refining Co., Juniper Petroleum 
Corp., MAPCO Production Co., Mesa Petroleum Co., 
Natol Petroleum Corp., Phillips Petroleum Corp., 
Richfield Oil Co., States Oil Co., Tenneco Oil Co., 
Texas Oil and Gas, and Union Oil Co. of California.

Previous Investigations

Several geologic investigations have been con
ducted in the vicinity of the study area, mainly because 
the East Poplar oil field lies at the western edge of the 
energy-rich Williston Basin. Listing all these investi
gations is beyond the scope of this report. However, 
some of the major reports on geologic structure, stratig
raphy, and hydrogeology are cited in this section; other 
references are cited throughout the text and listed in the 
“Selected References” section.

In an early geologic investigation, Collier (1918) 
discussed the geology of northeastern Montana. The
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glacial geology of eastern Montana area was described 
by Alden (1932) and Howard (1960). The surface 
geology of the study area vicinity was mapped at a 
scale of 1:62,500 by Colton (1963a,b). Stratigraphic 
correlation charts of geologic formations that underlie 
the general vicinity of the study area were prepared by 
Rice (1976a) and Balster (1980). Stratigraphic studies 
include reports by Towse (1954), Gill and Cobban 
(1973), Rice (1976b), and Monson (1989). Geologic 
structure of the general area was identified by Jensen 
(1951), Dobbin and Erdmann (1955), and Colton and 
Bateman (1956). In a series of subsurface geologic 
maps, Feltis (1982a-i) published information for the 
altitudes of the tops and the thicknesses of major Cre
taceous and Jurassic formations.

Several hydrogeologic investigations in the vicin
ity of the study area also have been conducted. Swen
son (1955) discussed the geology and ground-water 
resources of the Missouri River valley in northeastern 
Montana. Feltis (1979) reported on shallow ground- 
water conditions in the upper part of the Poplar River 
basin. Levings (1982a,b) presented potentiometric- 
surface maps of water in major Cretaceous formations 
in the general vicinity of the study area. Donovan and 
Bergantino (1987) reported on ground-water resources 
of the Fort Peck Indian Reservation, emphasizing 
water in the preglacial Missouri River valley, and 
Donovan (1988) reported on the high-yield aquifers of 
northeastern Montana.

Specifically relating to the current study area, 
Levings (1984) conducted a reconnaissance investiga
tion of saline-water contamination in alluvial deposits 
along a short reach of the Poplar River in the East Pop
lar oil field. The general hydrogeology of the Fort Peck 
Indian Reservation was discussed by Thamke (1991), 
and Thamke and Craigg (1993). Preliminary interpre
tations of saline-water contamination in the study area 
were given by Craigg and Thamke (1992,1993,1995), 
Mendes and others (1992), and Thamke and others 
(1992, 1993). Thamke and others (1996) published 
hydrologic data collected during this investigation.

Methods of Investigation

The investigation of saline-water contamination 
included a comprehensive review of existing data and 
extensive collection of additional field data. Existing 
data for water wells, monitoring wells, oil wells, brine- 
injection wells, and ground- and surface-water quality 
were obtained from various sources, including the

Saline-Water Contamination In Quaternary Deposits and the Poplar River, East Poplar Oil Reid, Northeastern Montana
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USGS, BLM, EPA, BIA, U.S. Public Health Service 
and Indian Health Service, Fort Peck Tribes (Water 
Resources Office, Minerals Office, and Office of Envi
ronmental Protection), Murphy Oil USA, Inc., and 
MBMG. Detailed information about the types of data 
obtained from these sources was presented in Thamke 
and others (1996).

As an initial step in this investigation, existing 
water wells were inventoried for physical parameters 
and water from privately owned wells in the study area 
was sampled and analyzed for chemical quality. To 
further delineate the lateral extent of potential saline- 
water contamination, an electromagnetic geophysical 
survey was conducted over an area of about 22 mi2. 

Monitoring wells subsequently were installed and sam
pled in selected areas of high conductivity to confirm 
the existence of the saline-water plumes delineated by 
the geophysical methods. Selected monitoring wells 
also were used for aquifer testing to determine aquifer 
characteristics, which indicate the rate of ground-water 
flow. Streamflow and water quality of the Poplar River 
were measured to determine areas of saline-water dis
charge and effects on the river. These data and the 
methods used to collect them are discussed in detail in

Thamke and others (1996); where appropriate, addi
tional discussion is given in this report. Data from the 
well inventory, electromagnetic geophysical survey, 
monitoring-well installation, aquifer testing, stream- 
flow measurements, and water-quality sampling were 
used to interpret the extent, magnitude, and movement 
of saline-water contamination in Quaternary deposits.

Site-Identification Systems

A site number is used as the primary identifica
tion for wells. This site number is based on the rectan
gular system for the subdivision of public lands (fig. 4); 
the number consists of as many as 14 characters and is 
assigned according to the location of a site within a 
given township, range, and section. The first three 
characters specify the township and its position north 
(N) of the Montana Base Line, whereas the next three 
characters specify the range and its position east (E) of 
the Montana Principal Meridian. The next two charac
ters indicate the section; the next four characters indi
cate the position of the site within the section. The first 
letter denotes the quarter section (160-acre tract); the 
second letter denotes the quarter-quarter section (40- 
acre tract); the third letter denotes the quarter-quarter-

Figure 4. Site-numbering system for wells.
MAR02-J341
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quarter section (10-acre tract); and the fourth letter 
denotes the quarter-quarter-quarter-quarter section 
(2.5-acre tract). These lettered subdivisions of the sec
tion are indicated as A, B, C, and D in a counterclock
wise direction, beginning in the northeast quadrant. 
The last two characters form a sequence number based 
on the order that a site was inventoried in that tract. For 
example, site number 29N51E10CDAB01 represents 
the first well inventoried in the NW1/4 NE1/4 SE1/4 
SW1/4 sec. 10, T. 29N..R.51 E.

Wells also are identified by an alpha-numeric well 
name, allowing for ease of cross reference between 
wells plotted on illustrations in this report and on rele
vant illustrations and tables given in Thamke and oth
ers (1996). The well name consists of as many as three 
alpha characters and as many as four numeric charac
ters and an alpha character to designate the sequence 
during which wells were drilled. The alpha character 
denotes the well type: (FPB)-USGS monitoring well 
installed during this investigation; (W)~USGS moni
toring well or privately owned well inventoried by 
Levings (1984); and (M)—privately owned well or 
MBMG observation well. The numeric characters for 
USGS-installed monitoring wells denote the sequence 
during which wells were drilled; for example, well 
FPB93-3 is the third well drilled in 1993 during this 
investigation. The numeric part of well names identi
fied by the letter “M” is assigned only as a convenient 
cross reference between relevant illustrations and 
tables. Brine-injection wells and sampled oil wells are 
identified using the name assigned by the particular oil 
company; for example, Murphy 1-D is a brine-injec
tion well, and Murphy 58 is an oil well.

Streamflow measurement sites along the Poplar 
River are identified by an alpha-numeric system. The 
alpha-numeric part of the site number follows the sys
tem used by Levings (1984) and is based on the down
stream order of measurement, beginning with the 
farthest upstream site (PR-0) and ending with the far
thest downstream site (PR-9) in the study area. One 
measurement site (PR-8) was located at a long-terin 
USGS streamfiow-gaging station (06181000), and one 
measurement site (PR-1) was located at a USGS mis
cellaneous streamflow-measurement station 
(06180600).
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GEOLOGIC SETTING

Regionally, the study area is located near the 
western edge of the Williston Basin, a broad, north- 
west-trending structural depression in eastern Mon
tana, western North Dakota, northwestern South 
Dakota, southwestern Manitoba, and southeastern 
Saskatchewan. The Williston Basin (fig. 5), one of the 
largest structural basins in North America, is about 500 
mi long and 300 mi wide, and encompasses an area of 
about 134,000 mi2 (Hamke and others, 1966, p. 5). The 

basin also is one of the oldest structural basins in North 
America; it was subsiding and affecting sedimentation 
patterns throughout most of Paleozoic and early Meso
zoic time. The basin ceased subsiding and exerting 
control on sedimentation by Cretaceous time (Rice and 
Shurr, 1978, p. 267). Present structural configuration 
and structural features of the Williston Basin (domes, 
anticlines, synclines) are a result of the Laramide Orog
eny, during latest Cretaceous and early Paleocene time 
(Hamke and others, 1966; p. 24; Rice and Shurr, 1978, 
p. 267).

The study area lies atop the Poplar Dome (also 
referred to as the Poplar Anticline). The dome trends 
northwest and is about 30 mi long and 25 mi wide. As
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Figure 5. Location of Williston Basin, major structural features, and East Poplar oil field study area (modified from Hamke and 
others, 1966, fig. 1).

reported.by Hamke and others (1966, p. 24), the dome 
consists of a principal domal structure with a structural 
closure of about 300 ft, arid a smaller subsidiary dome 
with a structural closure of about iOO ft. When super
imposed on the broad, regional structure of the Poplar 
Dome, the structural framework of the smaller East 
Poplar oil field study area is hot complex. Geologic 
units essentially are flat-lying and no faults have been 
mapped (Colton and Bateman, 1956; Colton, 1963a,b).

Geologic units underlying the East Poplar oil field 
study area range in age from Precambrian through Cen-

ozoic. Precambrian units consist solely of crystalline 
igneous and metamorphic rocks. Paleozoic through 
Cenozoic units consist of various sedimentary units; 
combined thickness of this sedimentary section proba
bly is about 10,000 ft. The vertical distribution of these 
units is shown in table 1; detailed basin-wide geologic 
descriptions of these units were given by Hamke and 
others (1966). The principal geologic units that are 
exposed in the study area are the Upper Cretaceous 
Bearpaw Shale, Hell Creek Formation, and Fox Hills 
Sandstone; Tertiary Flaxville and Fort Union Forma-

GEOLOGIC SETTING 11
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lions; Quaternary glacial and related deposits; and 
Quaternary alluvial deposits.

Colton (1963a,b) mapped and described the geo
logic units exposed in the vicinity of the study area. 
The surface geology of the study area is shown in fig
ure 6 (pi. 1). Detailed discussion of all geologic units 
is beyond the scope of this report; however, units that 
are most relevant for the purposes of this investigation 
are described in general terms below.

Mississfppian Madison Group

The Madison Group consists of three formations 
deposited in marine environments. These are the 
Lodgepole Limestone, Mission Canyon Limestone, 
and Charles Formation (table 1). The Charles Forma
tion is the major oil-producing unit of the East Poplar 
oil field (Brunson, 1985, p. 889), although minor zones 
in the Devonian Nisku Formation and the Mississip
pi Kibbey and Heath Formations also produce oil.

The Lodgepole Limestone was described by 
Hamke and others (1966, p. 16) as a generally brown to 
gray, dense, argillaceous, shaley, cherty limestone. 
Thickness of the Lodgepole, determined from the oil- 
well log of East Poplar oil field discovery well (Mur
phy 1, located in sec. 2,T. 28 N., R. 51 E.) is about 
570 ft.

The Mission Canyon Limestone was described by 
Hamke and others (1966, p. 16) as a yellowish-gray 
and yellowish-brown, dense, massive limestone. 
Thickness of the Mission Canyon in the discovery well 
is about 760 ft.

The Charles Formation was described by Hamke 
and others (1966, p. 16-17) as principally an evaporitic 
unit, consisting mainly of massive salt beds, anhydrite, 
and limestone. Thickness of the Charles in the discov
ery well is about 400 ft.

Cretaceous Rocks

The verticardistfibutidh of Cretaceous rocks in 
the study area is shown in table 1. The combined thick
ness of all Cretaceous units in the oil-field discovery 
well is about 3,500 ft. The Cretaceous rocks most rel
evant to this investigation are the Lakota Formation 
and Fall River Sandst0ne-“Dakota Sandstone”, Judith 
River Formation, and Bearpaw Shale. General charac
teristics of these units are given below; Donovan 
(1988) gave concise descriptions of other Cretaceous 
rocks.

Lakota Formation-Fall River Sandstone-"Dakota 
Sandstone”

The Lower Cretaceous Lakota Formation gener
ally consists of nonmarine, cross-bedded; coarse
grained sandstone that is conglomeratic in the basal 
part; reported maximum thickness is 110 ft, as 
described by Hamke and others (1966, p. 21). The 
reported thickness of the Lakota in the study area is 
between about 70 and 200 ft.

The Lower Cretaceous Fall River Sandstone (of 
the Colorado Group) in the Williston Basin consists of 
as much as 210 ft of fine-grained quartzose sandstone 
(Hamke and others, 1966, p. 21). The Fall River Sand
stone of the Williston Basin occupies the same interval 
as the “Dakota Sandstone” of adjacent areas (see Bal- 
ster, 1980). Although the USGS and the MBMG do not 
use the term “Dakota Sandstone” (Lower Cretaceous) 
in the Williston Basin (W.A. Bryant, U.S. Geological 
Survey, Denver, Colo., oral cotnmun., 1994; Donovan, 
1988, p. 18; and Bergantino, 1994), Ballard and others 
(1983) use the Dakota (Lower Cretaceous) terminol

ogy-
The Lakota Formation interval, as well as other 

parts of the Lower Cretaceous section (Fall River 
Sandstone and possibly parts of the Fuson Shale or its 
equivalent in the north-central Montana plains, the 
Kootenai Formation), have been referred to as “Dakota 
Sandstone” by drillers and oil-field geologists as well. 
In addition, the informal terms “Dakota silt” or “basal 
Colorado silt” have been applied to the interval above 
the Fall River Sandstone (essentially the interval occu
pied by the lower parts of the Skull Creek Shale in the 
Williston Basin). Use of this terminology has resulted 
in some confusion when referring to this stratigraphic 
interval, because at least four brine-injection wells are 
reported to have been completed in the “Dakota Sand
stone” (Thamke and others, 1996, table 2). Depending 
on the nomenclature used, these four injection wells 
could have been completed in either the Fall River 
Sandstone,, the “Dakota Sandstone,” or the Lakota For
mation. Therefore, to avoid further confusion and to 
follow the historical usage in the East Poplar oil field, 
the term.“Dakota Sandstone” will be used in this report 
when referring to brine-injection wells completed in 
Lower Cretaceous rpcks. Examination of oil-well logs 
in the East Poplar oil field indicate that most distances 
between the top of the unit picked as “Dakota Sand
stone” and the top of the Upper Jurassic Morrison For
mation are between about 350 and 400 ft. This

12 Saline-Water Contamination In Quaternary Deposits and the Poplar River, East Poplar Oil Field, Northeastern Montana

MAR02-1344



“thickness,” however, iicludes any intervening Lower 
Cretaceous rocks.

Judith River Formation

The Upper Cretaceous Judith River Formation (of 
the Montana Group) consists of a sequence of interbed- 
ded, light-colored sandstone and sandy shale (Hamke 
and others, 1966, p. 22). Water in the Judith River For
mation occurs under confined (artesian) conditions, 
according to BLM well records for well 
29N51E19DCAC01. Thickness of the Judith River 
beneath the study area is about 100 ft; depth from land 
surface to the top of the formation, on the basis of oil- 
well logs in the study area, ranges from about 700 to
1,000 ft. The Judith River Formation has been a major 
unit for disposal of oil-field brine by subsurface injec
tion in the past, but since 1985 no new brine-injection 
wells have been allowed to be completed in the forma
tion; currently, only one brine-injection well completed 
in the formation in the oil field is active (Thamke and 
others, 1996, table 2). Minor production of natural gas 
also has been obtained from the Judith River Forma
tion; this gas is used for operational purposes in the 
East Poplar oil field (Brunson, 1985, p. 890; Monson, 
1989).

Bearpaw Shale

The Upper Cretaceous Bearpaw Shale (of the 
Montana Group) conformably overlies the Judith River 
Formation. The Bearpaw consists mainly of dark-gray 
marine shale and claystone. Bentonite is present as thin 
beds and also is disseminated throughout some shale 
zones; the upper part of the formation contains some 
beds of sandy shale (Colton, 1963a,b; Hamke and oth
ers, 1966, p. 22). Colton and Bateman (1956) also 
reported that the Bearpaw contains ironstone nodules 
and hard ellipsoidal concretions; many concretions 
may contain marine fossils. Minor fractures are 
present in the upper, eroded surface of the Bearpaw, as 
noted during field observations. On the basis of oil- 
well records in the study area, the approximate range of 
thickness of the Bearpaw Shale is about 700-1,000 ft. 
The depth to the top of the Bearpaw ranges from zero 
in outcrop areas to 120 ft (Colton, 1963a,b). The 
approximate subsurface altitude and configuration of 
the top of the Bearpaw are shown in figure 7 (pi. 1); the 
subsurface top of the formation lies between about 
1,930 ft and 2,120 ft above sea level. The top surface

of the Bearpaw east of the Poplar River appears zo 
slope gently towards the west; the apparent trough 
beneath the Poplar River valley probably represents 
stream erosion concurrent with deposition of alluvium, 
rather than a geologic structure.

The Bearpaw Shale crops out mainly along low 
hills west of the Poplar River (fig. 6, 7); only about the 
upper 120 ft of the Bearpaw is exposed in the study 
area. Tertiary units in the study area are present in 
minor locations only in the northern part of the study 
area and are not relevant in this investigation; hence, 
these units are not discussed in this text. Throughout 
the rest of the study area, Quaternary deposits uncon- 
formabiy directly overlie the Bearpaw Shale. On the 
basis of lithologic descriptions from USGS monitoring 
wells, the depth to the top of the Bearpaw Shale in the 
study area has a range of about 22-55 ft (FPB92-14 and 
W-ll, respectively) beneath alluvial deposits of the 
Poplar River valley, and about 56-99 ft (FPB93-3 and 
FPB93-5, respectively) beneath glacial deposits east of 
the river (Levings, 1984, table 3; Thamke and others, 
1996, table 3).

Quaternary Deposits

Quaternary units in the study area include Wiota 
Gravel, Sprole Silt, glacial till, fan alluvium and collu
vium, and alluvium (fig. 6). Minor thicknesses and 
extents of glacial outwash, lake deposits, and dune sand 
also are present, but are not discussed separately in this 
report (dune sand, however, is shown in fig. 6, the geo
logic map).

Pleistocene Wiota Gravel (shown as Qw in fig. 6) 
consists of unconsolidated deposits of clay, silt, and 
quartzitic sand and gravel. Thickness in the study area 
is uncertain, but Colton (1963a,b) reported a maximum 
thickness of 55 ft to the south of the study area.

Pleistocene Sprole Silt (shown as Qs in fig. 6) 
overlies the Wiota Gravel and consists of poorly bed
ded to massive deposits of silt. Colton (1963a,b) 
reported a maximum thickness of 100 ft for the Sprole 
Silt to the south of the study area.

Pleistocene glacial till (shown as Qt in fig. 6) is a 
complex, unstratified, and heterogeneous admixture of 
clay, silt, sand, gravel, and boulders deposited by gla
ciers. Colton (I963a,b) reported that thickness gener
ally is about 15 ft, but locally may be as much as 
250 ft. In the study area, till is present mainly beneath 
the topographic bench east of the Poplar River (fig. 6).
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Pleistocene and Holocene fan alluvium and collu
vium (shown as Qac in fig. 6) underlies flood plains and 
consists of slope-wash deposits derived from topo
graphically higher deposits; lithologically the slope- 
wash deposits are similar to Holocene alluvium 
(described below). These deposits are not vertically 
extensive; Colton (1963a,b) reported that the maxi
mum thickness is 20 ft. Laterally, however, these 
deposits can be more than 1 mi wide, although the aver
age width is much smaller (fig. 6).

Holocene alluvium (shown as Qal in fig. 6) con
sists of stream-deposited clay, silt, sand, and gravel. 
The sand and gravel deposits typically occur as lenses 
of varying thickness. Detailed lithologic descriptions 
for 19 USGS monitoring wells completed in alluvium 
along the Poplar River are given in Thamke and others 
(1996, table 3).

For the purposes of this report, Pleistocene Wiota 
Gravel, Sprole Silt, glacial till, and dune sand are 
undifferentiated and are referred to as “glacial depos
its”; Pleistocene and Holocene fan alluvium and collu
vium and Holocene alluvium are undifferentiated and 
referred to as “alluvium.” Lithologic logs from eight 
USGS monitoring wells drilled during this investiga
tion indicate that the combined thickness of glacial 
deposits in the study area ranges from at least 56 to 
about 100 ft (Thamke and others, 1996, table 3). The 
combined thickness of alluvium ranges from 22 to 
56 ft throughout the Poplar River valley (Thamke and 
others, 1996, table 3). Colton (1963a,b) reported that, 
in the vicinity of the study area, thickness of these 
deposits averages about 50 ft; Levings (1984, table 3) 
gave a range in thickness of 43-54 ft. Lithologic logs 
from monitoring wells drilled during this investigation 
indicate that, in most places, alluvium ranges in thick
ness from about 32 to 52 ft; a thickness of 22 ft, 
reported in USGS monitoring well FPB92-14 (located 
in NE1/4 SE1/4 NW1/4 NE1/4 sec. 21, T. 29 N., R. 51 
W.), indicates a local subsurface high of the Bearpaw 
Shale (Thamke and others, 1996, table 3).

GENERAL HYDROGEOLOGY OF 
QUATERNARY DEPOSITS

The Quaternary deposits are the sole developed 
source of ground water for residents of the study area. 
In general, wells completed in Quaternary deposits 
provide sufficient yields and, in uncontaminated areas, 
potable water for domestic purposes. Few wells are 
completed below the Quaternary deposits because of

u

the lack of water in the underlying Upper Cretaceous 
Bearpaw Shale which is 700-1,000 ft duck.

Ground-Water Occurrence and Movement

Water in Quaternary deposits occurs mainly 
under unconfined (water-table) conditions, although 
locally, conditions are semiconfined due to the hetero
geneity of clays, silts, sands, and gravels. Depth to 
water below land surface in the study area generally 
ranges from about 5 to 44 ft in alluvium and about 7 to 
130 ft in glacial deposits (Thamke and others, 1996, 
table 1). Fresh water in the Quaternary deposits in the 
study area is recharged by infiltration of precipitation, 
streamflow, and fresh water movement from upgradi- 
ent areas. Water in the Quaternary deposits is dis
charged by streamflow, evapotranspiration, springs, 
and water withdrawals. Generalized potentiometric 
surface and direction of ground-water movement in 
Quaternary deposits are shown in figure 6 (pi. 1). The 
altitude of static water level in 1990-93 ranged from 
about 1,950 to 2,060 ft above sea level (Thamke and 
others, 1996, table 1). Water in Quaternary deposits 
east of the Poplar River generally moves westward 
toward the river where it merges with southward-flow
ing ground water in the Poplar River valley. Down
ward movement of water from Quaternary deposits 
into the underlying Bearpaw Shale probably is not sig
nificant because of the relatively impermeable nature 
of the Bearpaw; downward movement of water from 
Quaternary deposits into the Bearpaw probably occurs 
only locally to shallow depths, where minor fractures 
are present in the upper, eroded surface of the Bearpaw.

Hydraulic Characteristics

Two constant-discharge aquifer tests were con
ducted during August 1993 to determine general 
hydraulic characteristics of the Quaternary deposits. 
Because of the various deposits of clay, silt, sand, and 
gravel throughout the study area, the hydraulic charac
teristics may differ locally; hence, ranges are given for 
the selected hydraulic characteristics.

A constant-discharge aquifer test was conducted 
on August 18, 1993, in alluvium along the Poplar 
River, using one pumped well and three observation 
wells (NW1/4 NE 1/4 sec. 09, T. 29 N., R. 51 E. in 
Thamke and others, 1996, tables 1,3, and 4; pi. 1). The 
general geology of the site consists of Holocene allu
vium that unconformably overlies the Bearpaw Shale.
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On the basis of lithologic logs of the USGS-installed 
wells used for the test (FPB92-15, FPB92-16, FPB92- 
17, and FPB93-1; Thamke and others, 1996, table 3), 
these deposits consist of interbedded sand of various 
grain sizes, gravelly sand, and gravel and cobbles; total 
thickness of the sequence ranges from about 37 to 42 ft. 
Because topographic relief at the test site is about 0.2 
ft, the range in thickness indicates that the surface of 
the Bearpaw Shale is slightly irregular.

The other constant-discharge aquifer test was 
conducted on August 19,1993, in glacial deposits east 
of the Poplar River, using one pumped well, two obser
vation wells (SE1/4 SE1/4 sec. 33, T. 28 N., R. 51 E. in 
Thamke and others, 1996, tables 1,3, and 5; pi. 1). The 
general geology of the site consists of Pleistocene gla
cial deposits that unconformably overlie the Bearpaw 
Shale. On the basis of lithologic logs of the USGS- 
installed wells used for the test (FPB93-4A, FPB93- 
4B, and FPB93-4C; Thamke and others, 1996, table 3), 
these deposits consist of interbedded and unconsoli
dated clay, silt, sand, and gravel of various sizes, with 
about 13-20 ft of gravel (Wiota Gravel) consistently 
present at the base; total thickness of the sequence of 
deposits is about 60 ft.

The aquifer-test data at the alluvium test site were 
analyzed using standard curve-matching procedures 
for unconfiried aquifers (delayed gravity-response type 
curves) of Neuman (1972, 1975). The data plots for 
this site clearly indicate delayed yield from storage. At 
the alluvium test site, the mean transmissivity value 
computed for the three observation wells is 1,900 f^/d 

and the mean hydraulic conductivity value is 63 ft/d. 
The hydraulic conductivity value is based on a horizon
tal hydraulic gradient of one; the hydraulic gradient at 
this site is probably much smaller than one. These val
ues are reasonable for an unconfined sand and gravel 
aquifer. The aquifer-test data at the glacial deposits test 
site were analyzed using Theis (1935) methods as 
described in Lohman (1972). At the glacial deposits 
test site, the value computed for transmissivity was
3,100 ftvd; the computed hydraulic conductivity at 
this site was 165 ft/d. The hydraulic conductivity value 
is based on a horizontal hydraulic gradient of one; the

hydraulic gradient at this site is probably much smaller 
than one.

The computed values for storage coefficient are 
0.001-0.004 at the site of the alluvium and 0.003-0.01 
at the site of the glacial deposits and are anomalously 
small for an unconfined aquifer. Lohman (1972, p. 40) 
suggested that the reason for this type of anomaly is 
that in shorter term aquifer tests of unconfined aquifers, 
where early time data are used for analysis, “it (storage 
coefficient) is only an apparent value observed before 
gravity drainage (is) completed.” Therefore, published 
values of storage coefficient averaging 0.21-0.27 for 
sand and 0.22-0.25 for gravels are considered to be 
more reliable than those computed for this study; for 
example, see Johnson (1967, p. D70).

Ground-Water Quality

The quality of water in Quaternary deposits in the 
study area is highly variable and is dependent on loca
tion relative to sources of contamination. Dissolved 
solids, reported in milligrams per liter, is the sum of all 
dissolved constituents in the water and is predomi
nantly composed of the major ions in solution. 
Sodium, bicarbonate, and chloride are the dominant 
ions in water from most wells completed in the Quater
nary deposits. Of these dominant ions, only chloride 
generally exhibits a conservative behavior and gener
ally is present in natural water at low concentrations 
(Hem, 1985). Therefore, concentrations of dissolved 
solids and chloride ions are used in this investigation to 
classify types of ground water.

The EPA has established regulations and stan
dards for public drinking-water supplies. These regu
lations and standards are not used to regulate the 
quality of water produced from individual privately 
owned wells, but to serve as guidelines with which to 
evaluate the water quality. Primary Drinking-Water 
Regulations1 are not established for dissolved solids 

and chloride. However, Secondary Drinking-Water 
Standards2 specify SMCL’s of 500 mg/L for dissolved 

solids and 250 mg/L for chloride. Dissolved-solids 
concentrations in water sampled during 1989-93 from

'National Primary Drinking-Water Regulations are established for contaminants which, if present in drinking water, may cause adverse 
human health effects. Either a Maximum Contaminant Level (MCL) or a treatment technique is specified by these regulations for 
regulated contaminants. MCL’s are health-based and enforceable (U.S. Environmental Protection Agency, 1996).

^Secondary Drinking-Water Standards are established for contaminants that can adversely affect the taste, odor, or appearance of water and 
result in discontinuation of use of the water. These regulations specify Secondary Maximum Contaminant Levels (SMCL), which are 
estheticaliy based and nonenforceable (U.S. Environmental Protection Agency, 1996).
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wells completed in the Quaternary deposits ranged 
from 427 to 91,100 mg/L; 26 of the 27 privately owned 
wells contained water with dissolved-solids concentra
tions that exceed the SMCL (Thamke and others, 1996, 
table 6). Chloride concentrations in water sampled 
during 1989-93 from wells completed in the Quater
nary deposits ranged from 7.3 to 58,000 mg/L; 15 of 
the 27 privately owned wells contained water with 
chloride concentrations that exceed the SMCL 
(Thamke and others, 1996, table 6).

On the basis of dominant ions and dissolved-sol
ids concentration, Levings (1984) identified three prin
cipal water-quality types from alluvium in the Poplar 
River valley; a fourth water-quality type, representing 
the actual brine produced with the crude oil, also was 
identified. Distinguishing characteristics of the four 
water types are: Type 1 water is not dominated by the 
chloride anion and dissolved-solids and chloride con
centrations are similar to water in Quaternary deposits 
in other parts of the reservation; Type 2 water is domi
nated by the chloride anion and the chloride concentra
tion range typically is 330-4,800 mg/L; Type 3 water is 
dominated by the chloride anion and the chloride con
centration is typically greater than 5,200 mg/L; Type 4 
water is actual samples from brine-injection wells. 
These general water types have been defined in greater 
detail for this investigation and provide a useful classi
fication to describe water-quality variability within the 
current study area. Water-quality diagrams (Stiff, 
1951) illustrate these representative water-quality 
types (fig. 8, pi. 1). The water-quality diagrams repre
sent unit concentrations of the major ions, in mil- 
liequivalents per liter. Unit concentrations take into 
account both mass and ionic charge and, therefore, the 
total milliequivalents per liter of cations (left side of 
graph) should equal that of the anions (right side of 
graph). The range in unit concentration of the major 
ions in water from the wells is too large to use the same 
scale for all diagrams; therefore, a different scale is 
used for each of the four water types in figure 8. The 
characteristics of these four water types are listed in 
table 3.

Type 1 water from wells completed in the Quater
nary deposits is located mostly in the northern and 
southern thirds of the study area and represents the 
uncontaminated water quality (fig. 8). The chemical 
composition of Type 1 water ranges from a sodium 
bicarbonate to a sodium sulfate, with a few instances of 
magnesium sulfate, magnesium bicarbonate, or cal
cium bicarbonate chemical compositions. The dis-

16

solved-solids and chloride concentrations of Type 1 
water range from 427 to 2,680 mg/L and 7.3 to 
260 mg/L, respectively (Thamke and others, 1996, 
table 6; table 3 in this report). Privately owned wells 
completed in the Quaternary deposits with Type 1 
water are used for drinking-water supply.

Type 2 water from wells completed in the Quater
nary deposits is located in various parts of the study 
area and represents natural ground water that has been 
moderately contaminated by brine (fig. 8). The chem
ical composition of Type 2 water is sodium chloride. 
The dissolved-solids and chloride concentrations of 
Type 2 water range from 1,170 to 8,860 mg/L and 330 
to 4,800 mg/L, respectively (Thamke and others, 1996, 
table 6; table 3 in this report). Privately owned wells 
completed in Quaternary deposits containing Type 2 
water generally are not used for drinking-water pur
poses, because the large dissolved-solids and chloride 
concentrations make the water unpalatable.

Type 3 water from wells completed in the Quater
nary deposits is located in two locations—one near the 
center and one near the southwest quarter of the study 
area. Type 3 water represents ground water that has 
been considerably contaminated by brine. The chemi
cal composition of Type 3 water principally is sodium 
chloride with a few cases of magnesium chloride. The 
dissolved-solids and chloride concentrations in Type 3 
are much larger than Type 2 water, ranging from
10,100 to 91,100 mg/L and 5,200 to 58,000 mg/L, 
respectively (Thamke and others, 1996, table 6). Pri
vately owned wells completed in Quaternary deposits 
containing Type 3 water were used in the past for 
domestic purposes, but are now unused for any domes
tic purpose.

Type 4 water, which is very similar to Type 3 
water, represents the actual brine that is disposed into 
brine-injection wells. The chemical composition of 
Type 4 water is sodium chloride. The dissolved-solids 
and chloride concentrations in brine range from 47,700 
to 201,000 mg/L and 27,000 to 120,000 mg/L, respec
tively (Thamke and others, 1996, table 6).

Electromagnetic Apparent Conductivity

Electromagnetic geophysical methods can be 
used to measure the cumulative electrical conductivity 
of the soil and water matrix. The unit of conductivity 
for these methods is millimho per meter (mmho/m).
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Table 3. Characteristics of water types and correlation of electromagnetic apparent conductivity used to delineate saline-water plumes in Quaternary 
deposits in the East Poplar oil field study area

[Abbreviations: Cl, chloride; IICOj, bicarbonate; Mg, magnesium; Na, sodium; S04, sulfate; mg/L, milligrams per liter; mmho/m, millimho per meter, mi2, square miles; 

N/A, not applicable; 10V, 10-meter, vertical-dipole orientation; 20H, 20-meter, horizontal-dipole orientation; 20V, 20-meter, vertical-dipole orientation; 4011,40-meter, 

horizontal-dipole orientation. Symbols: >, greater than or equal to; <. less than)

Water type Water use
Major
Ions

Dlssolved- 
sollds 

concentra
tion range 

(mg/L)

Chloride 
concentra
tion range 

(mg/L)

Electromagnetic
apparent

conductivity
In Area 1 

(tig. 11 and 12, 
pi. 2)

Electromagnetic
apparent

conductivity
In Area 2 

(tig. 13 and 14, 
pi. 2)

Subarea 
desig
nation 
(fig-16, 
pl-1)

Saline-
water
plume
type
(pl-3).

Areal
extent
within
geo

physical
survey
(ml2)

Type 1—Uncoo lamina ted Suitable for most 
domestic purposes.

Na-IICOj.
n«-so4.
Mg-SO«,
Mg-IICOj,
Ca-IICp)

427-2,680 7.3-260 < 40 mmho/m (10V)
or< 60 mmbo/m (2010

< 40 mmho/m (20V)
or< 60 mmho/in (40I1)

Subarea l— 
low electro* 

magnetic 
apparent con* 

ductivity

N/A 9.2

Type 2-Modentely
contaminated ground water

Suitable for some 
domestic purposes: 
generally not used 
for drinking water.

No-Cl 1,170-8,860 3304,800 > 40 mmho/m (10V) 
and

>60 mmho/m (20H); exclusive ofsubareaj

> 40 mmho/m (20V) 
and

>60 mmho/m (4011): 
exclusive of subarea 3

Subarea 2** 
moderate elec* 

tromagnetic 
apparent con*

IVpc 2 7.6

ductivity

Type 3-Consideiably
contaminated ground water

Unsuitable for any 
domestic purpose.

Na-CI
Mg-CI

10.100-91.100 5,200-58,000 > 50 mmho/m (10V)
and

> 70mmho/in(20H)
> 50 mmho/in (20V)

and
> 70 mmho/in (4011)

Subaiea 3— 
high electro* 

magnetic

Type 3 5.0

apparent con
ductivity

Type 4—Brine (from oil 
product ion)

N/A Na-Cl 47.700-201.000 27,000-120,000 N/A N/A N/A N/A N/A

u»■b.
vo



The conductivity is affected by clay content and min
eralogy, moisture saturation with depth, moisture 
salinity, and moisture temperature (McNeill, 1980a). 
Cultural features, such as metal fences, power lines, 
buried cables, wells, pipelines, and other conductive 
structures, also may affect conductivity readings. The 
conductivity is controlled more by porosity, water con
tent, and water quality than by the conductivities of 
the rock matrix (Zohdy and others, 1974). Conductiv
ity values are low for water with small concentrations 
of dissolved ions (small dissolved-solids concentra
tions) and conductivity can substantially increase for 
water with large concentrations of dissolved solids, 
because the ions in solution conduct the electrical cur
rent. For example, an aquifer containing saline water 
will have higher conductivities than if the same aqui
fer contained fresh water. Dissolved-solids concentra
tions of water sampled during 1989-93 from wells 
completed in Quaternary deposits in this study area 
range from 427 to 91,100 mg/L.

Electromagnetic geophysical methods have been 
used for geologic mapping, mapping the distribution of 
contaminants in ground water, identifying salinity lev
els in ground water, delineating areas of coastal saline- 
water intrusion, and mapping soil salinity. Many stud
ies have successfully used electromagnetic geophysi
cal methods to delineate areas where ground-water 
quality differs appreciably across the study area. For 
example, Grady and Haeni (1984) used electromag
netic geophysical methods to determine the extent of 
ground-water contamination at a municipal solid-waste 
landfill in Connecticut. Jansen and others (1992) also 
used these methods to locate areas of heavy-metal 
sludge disposal. In addition, saline-water migration in 
ground water was delineated using these methods in 
Kentucky by Lyverse and Unthank (1988), and in 
northeastern Montana by Reiten (1991). The success 
of these studies, in addition to the wide range of dis
solved-solids concentrations sampled from wells com
pleted in the Quaternary deposits in the East Poplar oil 
field study area, indicated that electromagnetic geo
physical techniques would be useful in delineating 
large areas of saline-water contamination during this 
investigation.

The electromagnetic geophysical equipment used 
in this investigation consisted of electronic consoles, a 
transmitter coil, and a receiver coil all connected by a 
reference cable (fig. 9). The transmitter coil is ener
gized with an alternating current at an audio frequency
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and placed on the land surface with the receiver coil 
located a short distance (10, 20, or 40 m) away. The 
alternating current passes through the transminer coil, 
in the orientation of the dipole (which is perpendicular 
to the plane of the coil), and generates a primary mag
netic field that penetrates the earth. This primary mag
netic field induces a small current in the earth, which 
generates a secondary magnetic field out of phase with 
the first. The secondary magnetic field is a function of 
the intercoil spacing, the dipole orientation, the operat
ing frequency, and the ground conductivity (McNeill, 
1980b). The receiver coil senses both the primary and 
secondary magnetic fields and the measurement indi
cated by the instrument is the electromagnetic apparent 
conductivity. The intercoil spacing can be 10,20, or 40 
m. The two coils can be oriented with horizontal 
dipoles (coils up on edge and coplanar) or with vertical 
dipoles (coils flat on ground and coplanar). Figure 9 
illustrates the instrument in the horizontal-dipole orien
tation.

The approximate effective depth of exploration 
for the horizontal-dipole orientation typically is 75 per
cent of the intercoil spacing distance. The approximate 
effective depth of exploration for the vertical-dipole 
orientation is 150 percent of the intercoil spacing dis
tance (McNeill, 1980b, p. 6). The approximate effec
tive depths of exploration at the three intercoil spacings 
for both dipole orientations are listed in table 4. The 
horizontal-dipole orientation is relatively sensitive to 
variations in the near-surface material (such as fences, 
power lines, buried metal), whereas the vertical-dipole 
orientation is relatively sensitive to vertical conductors 
(such as well casing).

Before conducting the electromagnetic geophysi
cal survey, water from existing wells was sampled to 
determine salinity concentration of ground water in 
specific parts of the aquifer. General areas of saline 
water were delineated on the basis of the well data; this 
general delineation served as a guide for areas in which 
to conduct the electromagnetic geophysical survey. 
Electromagnetic apparent conductivity was measured 
in both known uncontaminated and known contami
nated areas to ensure that the instruments could distin- 
guish saline plumes. The development of the 
electromagnetic geophysical survey method and cali
bration techniques for the equipment were explained in 
Thamke and others (1996).

Measurement stations were spaced at intervals of 
either 0.1 or 0.2 mi. It was important to ensure that the
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Figure 9. Electromagnetic geophysical equipment in the horizontal-dipole orientation.

Table 4. Approximate effective depths of exploration at three intercoil spacings and dipole orientations for 
variable-depth ground-conductivity electromagnetic geophysical methods

[Data nnom McNeill, 1980b]

Intercoil spacing
Exploration depth

Horizontal dipoles Vertical dipoles

Meters Feet Meters Feet Meters Feet

10 33 7.5 25 15 49
20 66 15 49 30 98

. 40' 131. 30 98 «> __!97_

soil matrix was relatively uniform between stations to 

avoid anomalous, localized effects. Before conducting 

the electromagnetic geophysical survey, local unifor

mity of the aquifer material was tested in several parts 

of the study area. To test for local uniformity, the cen

ter of the measurement station was identified, and elec

tromagnetic apparent conductivity readings were taken

at several intervals around the measurement station in 

a clockwise direction. Electromagnetic apparent con

ductivity values varied insignificantly between inter

vals. This test verified that differences in the 

electromagnetic apparent conductivity at various loca

tions throughout the study area would most likely be 

due to differences in ground-water chemistry and that
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the aquifer material is sufficiently homogeneous that 

local variations have little effect on electromagnetic 

apparent conductivity readings. Because contrasts in 

the chemistry of the ground water were large, the over

all effect of geologic variations in the strata on the elec

tromagnetic instrument readings was considered to be 

minimal.

Electromagnetic apparent conductivity data were 

recorded on field maps that contained pertinent infor

mation including topography and location of cultural 

features such as oil wells and pipelines. Anomalously 

high single conductivity values at or near oil wells and 

pipelines were not considered in the interpretations.

Electromagnetic apparent conductivity was mea

sured in two areas (figs. 10-15, pi. 2). Area 1 is about 
9.5 mi2 and is underlain primarily by alluvium along 

the Poplar River and partly by a few glacial deposits 
along the area boundaries. Area 2 is about 12.1 mi2 and 

is underlain primarily by glacial deposits and partly by 

alluvium along the Poplar River.

Electromagnetic geophysical measurements dur

ing summer 1991 were made with 10-m and 20-m 

intercoil spacings in Area 1 and 20-m and 40-m inter

coil spacings in Area 2. During initial interpretation, 

data collected from all three spacings appeared to be 

relevant. Therefore, measurements during summer 

1992 were made with 10-m, 20-m, and 40-m intercoil 

spacings at both areas. The electromagnetic apparent 

conductivity values during 1991-92 ranged from 10 

mmho/m to 160 romho/m. The contoured electromag

netic apparent conductivity values for each of the three 

intercoil spacings at both dipole orientations are shown 

in figures 10-15.

Interpretation of the electromagnetic geophysical 

data required determination and selection of the most 

relevant sets of measurements. Electromagnetic appar

ent conductivity values that measured conductivity 

over an effective depth of exploration that extended to 

the depth of the bottom of the saturated zone were 

assumed to be the most representative values for the 

entire thickness of the saturated zone. In addition, the 

electromagnetic apparent conductivity values associ

ated with these depths correlated well with dissolved- 

solids and chloride concentrations in ground water. 

Consequently, effective depths of exploration of 15 m 

and 30 m were selected to represent the electromag

netic apparent conductivity of the entire saturated allu

vium (Area 1) and glacial deposits (Area 2), 

respectively. Data from other effective depths of 

exploration other than 15 m were not used for interpre

tation in Area 1 because an effective depth of explora

tion of 7.5 m does not penetrate the entire depth of the 

saturated zone and effective depths of exploration of 30 

m and 60 m are substantially deeper than the base of the 

saturated zone. Similarly, exploration depths other 

than 30 m were not used for interpretations in Area 2 

because effective depths of exploration of 7.5 m and 15 

m do not penetrate the entire depth of the saturated 

zone and an effective depth of exploration of 60 m is 

substantially deeper than the base of the saturated zone.

Three subareas (fig. 16, pi. 1)) of electromagnetic 

apparent conductivity were delineated using informa

tion from figures 11 and 12 (for Area 1) and figures 13 

and 14 (for Area 2). Water wells sampled during 1989- 

93 and corresponding water type are also included in 

figure 16. Subarea 1 represents an area of low electro

magnetic apparent conductivity; water from wells 

completed in this subarea generally was Type 1 (uncon

taminated). Subarea 2 represents an area of moderate 

electromagnetic apparent conductivity; water from 

wells completed in this subarea generally was Type 2 

(moderately contaminated). Subarea 3 represents an 

area of high electromagnetic apparent conductivity; 

water from wells completed in this subarea generally 

was Type 3 (considerably contaminated).

The relations between electromagnetic geophysi

cal measurements of apparent conductivity and water 

quality are consistent almost everywhere; however, 

three anomalies exist in the relation derived for Area 1 

and two anomalies exist in the relation derived for Area 

2 (fig. 16). These anomalies exist most likely because 

of factors other than water quality that may affect elec

tromagnetic apparent conductivity values, because 

delineation of saline-water contamination may be less 

accurate at the edges of the electromagnetic geophysi

cal survey grid, or because delineation of water type is 

based on ranges of dissolved-solids and chloride con

centrations which overlap.

In Area 1, in secs. 15, 16, and 21, T. 29 N., R. 51 

E., water from wells M-52, M-54, and FPB92-14, 

which are located in subareas 2 and 3 (indicating mod

erate and high electromagnetic apparent conductivity), 

was Type 1 with chloride concentrations less than 16 

mg/L. The lithologic descriptions of cuttings from 

these wells indicate that the Bearpaw Shale is about 25 

ft shallower in this area than in other areas. The elec

tromagnetic apparent conductivity patterns shown on 

figure 16 for these sections likely represent the influ

ence from this shallow conductive Bearpaw Shale. The
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second anomaly in Area 1 is in sec. 17 and exists for 

well W-4. The electromagnetic geophysical measure

ments indicate that the well is in a low electromagnetic 

apparent conductivity subarea (subarea 1); however, 

water from well W-4 was Type 2 with a chloride con

centration of 3,000 mg/L in 1989. This well is near an 

area of moderate electromagnetic apparent conductiv

ity (subarea 2) and the edge of the geophysical-survey 

grid, where delineation of saline-water contamination 

subareas evidently is less accurate. The third anomaly 

in the relation between electromagnetic conductivity 

and chloride concentration in Area 1 is in sec. 32 and 

exists for wells FPB92-4 and FPB92-5. The electro

magnetic geophysical measurements indicate that these 

wells are in or near a moderate electromagnetic appar

ent conductivity subarea (subarea 2); however, water 

from both of these wells was Type 3 with chloride con

centrations of 8,500 and 5,800 mg/L, respectively. The 

thick, unsaturated deposits (about 22 and 23 ft, respec

tively) may disproportionately lower the electromag

netic apparent conductivity relative to the Type 3 water 

in the relatively thin, saturated alluvium (about 4 and 2 

ft, respectively).

In Area 2, monitoring well FPB92-12 located in 

sec. 22 is completed in an area of moderate electromag

netic apparent conductivity (subarea 2); however, 

water from this well was Type 1 with a chloride con

centration of 15 mg/L. The lithologic description of 

cuttings from this well indicates 57 ft of relatively 

impermeable clay, which may'cause moderate electro

magnetic apparent conductivity values, or may cause 

contaminated water to flow preferentially around this 

clay. In the second anomaly, located in sec. 33, water 

from wells M-36 and M-38 completed just south of an 

area of moderate electromagnetic apparent conductiv

ity (subarea 2) was Type 1 with chloride concentrations 

of 40 and 34 mg/L, respectively. The lithologic 

descriptions of cuttings from these wells indicate more 

than 70 ft of clay, which may cause moderate electro

magnetic apparent conductivity values.

GENERAL HYDROLOGY OF THE POPLAR 
RIVER

The Poplar River, a tributary to the Missouri 

River, is perennial in the study area. Flow is partly reg

ulated by a dam, constructed during the 1970’s on the 

East Fork Poplar River, 2 mi north of the international 

boundary. Within the study area, tributaries that enter 

the Poplar River are intermittent or ephemeral.

Mean monthly discharge at site PR-8 (stream- 

flow-gaging station 06181000) (pi. 3), computed from 

17 years of stream flow data collected during 1975-79 
and 1982-93, ranged from 6.1 frVs in January to 399 

ftVs in April (U.S. Geological Survey, published annu

ally). About 64 percent of the annual streamflow 

occurred from March to April. Mean annual discharge 

during the period of record was 96 frVs.
Water samples were collected periodically at site 

PR-1 (pi. 3) during 1979-93 and at site PR-8 during 

1975-81 and 1986-94 (Thamke and others, 1996, table 

12). Analysis of the major ions in the stream water 

indicates that the water is a sodium bicarbonate type 

(similar to Type 1 ground water) with a dissolved- 

solids concentration range of 553-1,030 mg/L at site 

PR-1 and 167-1,490 mg/L at site PR-8 during most 

streamflow conditions. At low flow conditions of less 
than about 15 f^/s, water at site PR-8 can become a 

sodium chloride type (similar to Type 2 ground water) 

with a dissolved-solids concentration range of 

1,320-2,190 mg/L.

SALINE-WATER CONTAMINATION

The water-quality data collected from existing 

wells and surface-water sites confirm the presence of 

saline-water contamination in the Quaternary deposits 

and the Poplar River; however, the distribution of the 

wells alone was insufficient to determine lateral extent 

of contamination. To determine the lateral extent of the 

saline-water contamination, data from the electromag

netic geophysical survey were interpreted in conjunc

tion with the water-quality information for existing 

wells and wells that were drilled subsequent to the elec

tromagnetic geophysical survey. The vertical extent of 

saline-water contamination was interpreted from the 

water-quality information at sites that contained both 

shallow and deep wells. The magnitude of saline-water 

contamination was interpreted from the ground-water- 

quality data and hydraulic characteristics information. 

The movement of saline-water contamination was 

interpreted from ground-water hydraulic gradients, as 

well as historical ground-water-quality information. 

Streamflow and water-quality data for the Poplar River 

were interpreted in conjunction with ground-water- 

quality data to determine the effects of saline-water dis

charge on the Poplar River. The specific source areas 

of saline-water contamination were determined from 

the electromagnetic geophysical data and the locations 

of probable sources of contamination shown on plate 3.
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Quaternary Deposits.

The Quaternary deposits contain salinity levels 

representative of uncontaminated, moderately contam

inated, and considerably contaminated water. Levings 

(1984) determined that saline contamination of the 

alluvial aquifer was from brine associated with oil pro

duction. Information collected dining this investiga

tion indicates that the lateral extent of saline 

contamination in the alluvial and glacial deposits is 

substantial, and that at least one specific source may 

still be contributing brine to the Quaternary deposits.

Lateral Extent

The lateral extent of saline-water contamination 

in the Quaternary deposits may be as much as about 
12.4 mi2 (pi. 3). This extent is within the boundary of 

the electromagnetic geophysical survey and is esti

mated on the basis of water-quality data and the elec

tromagnetic apparent conductivity delineation of 

subareas 2 and 3 in figure 16. Small parts of subarea 1 

that contain one or more water wells that produce Type 

2 water are considered parts of confirmed saline-water 

plumes; subareas 2 and 3 that contain one or more 

water wells that produce Type 2 or Type 3 water are 

considered confirmed saline-water plumes; subareas 2 

and 3 that do not contain water wells are considered 

possible saline-water plumes; and parts of or the 

entirety of subareas 2 and 3 that contain one or more 

water wells that produce Type 1 water are not consid

ered saline-water plumes. The saline-water plumes are 

defined as Type 2 or Type 3, depending on the type of 

water derived from wells completed in these areas. 

The extent and number of plumes are discussed in rela

tion to available water-quality information from sam

pled water wells.

The collective lateral extent of confirmed Type 2 

saline-water contamination in the Quaternary deposits 
is 5.3 mi2 (pi. 3). Four Type 2 saline-water plumes 

were confirmed. The northernmost confirmed Type 2 
saline-water plume has an area of less than 0.1 mi2 and 

is located in the southwestern part of sec. 16, T. 29 N., 

R. 51 E. Water from a 17-ft-deep privately owned well

(W-9) completed in the shallow part of the alluvium on 

the edge of this plume in section 21 was Type 2 water 

with a chloride concentration of 1,100 mg/L; this well 

is unused. The second confirmed Type 2 saline-water 
plume has an area of 0.2 mi2 and is located in the east

ern part of sec. 20, T. 29 N., R. 51 E.; one water well is 

located near this plume, and one water well is located 

in this plume. Water from a 44-ft-deep privately owned 

well (W-6) completed in alluvium near this plume was 

Type 2 water with a chloride concentration of 2,300 

mg/L in 1982; the well is now unused and is inaccessi

ble for water-quality sampling. Water from a 56-ft- 

deep monitoring well (FPB92-13) completed in allu

vium in this plume was Type 2 water withaa chloride 

concentration of 4,600 mg/L. The third confirmed 
Type 2 saline-water plume has an area of 0.8 mi2 and 

is located in secs. 19,20,29,30, and 31, T. 29 N., R. 51 

E. Water from a 45-ft-deep monitoring well (W-10) 

completed in alluvium in the northern part of this 

plume was Type 2 water with a chloride concentration 

of 3,400 mg/L in 1982; the well is now plugged and 

destroyed. Three monitoring wells (W-l 1, FPB92-6, 

and FPB92-10) completed at various depths in the allu

vium in the southern part of this plume contained Type 

2 water with chloride concentrations equal to 4,800 

mg/L, 4,600 mg/L, and 2,100 mg/L, respectively. The 

southernmost, and largest, confirmed Type 2 saline- 

water plume has an area of 43 mi2 and is located in the 

southern part of sec. 3, and parts of secs. 9, 10, 15, 16, 

17, 20, 21, 22, 27, and 28, T. 28 N., R. 51 E. Water 

from privately owned and monitoring wells (M-14, M- 

15, M-18, M-20, M-22, M-24, M-25, and M-27) com

pleted at various depths in this plume was Type 2 and 

contained chloride concentrations of 430-3,700 mg/L 

during 1989-91.

The collective lateral extent of possible Type 2 

saline-water contamination in Quaternary deposits is 

1.9 mi2 (pi. 3). These areas are delineated by moderate 

electromagnetic apparent conductivity readings in 

areas that have no water wells for confirmation by anal

ysis of water samples. Sixteen Type 2 saline-water 

plumes are possible, as shown on the following page.
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Location Plume area 
(square miles)

NE 1/4 sec 8. T. 29 N- R. 51 E 0.1
SW 1/4 sec. 8, NW 1/4 sec. 17. T. 29 N.. R. 51 E. 0.1
North-central sec. 17. T. 29 N„ R. 51 E less than 0.1
NE 1/4 sec 19. T. 29 N„ R. 51 E less than 0.1
SE 1/4 sec. 19, T. 29 N.. R. 51 E. less than 0.1
2 plumes—N 1/2 sec. 20. T. 29 N.. R. 5) E less thao 0.1
S 1/2 sec. 29. sec. 32. T. 29 N., R. 51 E 0.3
Wesi-centraJ see. 30. T. 29 N.. R. 51 E. less than 0.1
SW 1/4 sec. 31, T. 29 N.. R. 51 E less than 0.1
W 1/2 sec 34, T. 29 N., R. 51 E 0.2
Central sec 34, T. 29 N.. R. 51 E less than 0.1
N 1/2 sec. 3, T. 28 N., R. 51 E 0.1
E 1/2 sec. 3, T. 28 N., R. 51 E less than 0.1
NE 1/4 sec. 11.T.28N..R.51E less than 0.1
Sec. 11.El/2 sec. 15,T. 28 N.. R. 51 E. 0.7

The collective lateral extent of confirmed Type 3 

saline-water contamination in the Quaternary deposits 
may be as much as 2.0 mi2 (pi. 3). Three Type 3 saline- 

water plumes were confirmed. The northern-most 
Type 3 saline-water plume has an area of 0.9 mi2 and 

is located in secs. 31 and 32 and the southern edge of 

secs. 29 and 30, T. 29 N., R. 51 E. The Poplar River 

flows through the center of this plume. Ten monitoring 

wells completed at various depths in the alluvium in 

this plume contain Type 3 water with chloride concen

trations of 7,700 mg/L or larger (wells W-15, FPB92-1, 

FPB92-2A, FPB92-3, FPB92-4, FPB92-5, FPB92-7, 

FPB92-8, FPB92-9, and FPB92-11). The second con

firmed Type 3 saline-water plume has an area of 0.2 
mi2 and is located in the western and northern parts of 

sec. 9, T. 28 N., R. 51 E. Water from a 104-ft-deep 

monitoring well (FPB93-5 in this plume) is Type 3 with 

a chloride concentration of 6,300 mg/L. The southern

most confirmed Type 3 saline-water plume has an area 
of 0.9 mi2 and is located in the central and southern

parts of sec. 21, the southwestern part of sec. 22, the 

northwestern part of sec. 27, and the northern part of 

sec. 28, T. 28 N., R. 51 E. Water from two monitoring 

wells (FPB93-3 and FPB93-3A in this plume) com

pleted in the top and the bottom of the saturated glacial 

deposits is Type 3 with chloride concentrations equal to 

or greater than 35,000 mg/L; water from two domestic 

wells (M-28 and M-31) completed in this plume is 

Type 3 with chloride concentrations equal to 7,900 

mg/L and equal to or greater than 22,000 mg/L, respec

tively.

The collective lateral extent of possible Type 3 

saline-water contamination in Quaternary deposits is 

3.2 mi2 (pi. 3). These areas are delineated by high elec

tromagnetic apparent conductivity readings in areas 

that have no water wells for confirmation by analysis of 

water samples. Thirteen Type 3 saline-water plumes in 

Quaternary deposits are possible, as shown below.

Location

NW 1/4 sec. 17. SW 1/4 sec. 8, T. 29 N„ R. 51 E 
E 1/2 sec. 20. T. 29 N„ R. 51 E 
NE 1/4 sec. 30. NW 1/4 sec. 29. T. 29 N.. R. 51 E 
Center sec. 3. T. 28 N., R.5I E.
SW 1/4 sec. 3. sec. 10, sec. 11, sec. 13, sec., 16. T. 28 N., R. 51 E.
6 pluntes-SE 1/4 see. 11; NH 1/4 sec, 20; north-central and northeast sec. 21; and 2 plumes in 

north-central sec. 22. T. 28 N, R. 51 E.
W 1/2 sec. 27. T. 28 N.. R. 51 E
Center sec. 28, T. 28 N„ R. 51 E ____

Plume area 
(square miles)

less than 0.1 
less than 0.1 
0.2
0.4
2.2
0.2

0.2

less than 0.1
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Vertical Extent

The vertical extent of saline-water contamination 

in the Quaternary deposits can be estimated using the 

water-quality information from the monitoring and pri

vately owned wells completed in the plumes. Most 

monitoring wells drilled during this investigation were 

completed at the base of the Quaternary deposits, 

above the Bearpaw Shale, with a perforated interval at 

the base of the Quaternary deposits (Thamke and oth

ers, 1996, table 3). Three monitoring wells were com

pleted within the top of the saturated Quaternary 

deposits; each near a well that was completed at the 

base of the Quaternary deposits. Privately owned 

wells, however, have been completed at various depths 

throughout the Quaternary deposits (Thamke and oth

ers, 1996, table 1). The depths of wells that confirm 

saline-water contamination plumes were included in 

the previous discussion to indicate the general depth of 

saline-water contamination in the different plumes.

Possible surface or subsurface sources of contam

ination, time of the source input (recent or old), and 

distance from the source may be indicated by charac

teristics of vertical stratification of chloride concentra

tion and density. Saline water is more dense than fresh 

water and tends to migrate downward over time and 

distance from its source. Therefore, a recent surface 

source may be indicated by dense, saline water near the 

surface of the saturated deposits. A subsurface source 

may be indicated by dense, saline water near the source 

point(s), either at the bottom of the aquifer or in loca

tions throughout the aquifer. Subsurface sources of 

saline water may result in deeper saline water being 

overlain by fresh water. Likewise, a long-term surface 

or shallow subsurface source that is still contributing 

saline water to the aquifer may be indicated by the pres

ence of dense, saline water throughout the aquifer. A 

recent, nearby source (at any depth) may be indicated 

by vertical stratification of chloride and density, 

whereas an older, distant source may be indicated by 

either a lack of stratification due to dilution and disper

sion or a vertical stratification where chloride concen

tration and water density increase with depth due to 

downward migration of dense, saline water.

The vertical extent of saline-water contamination 

was examined using water-quality information from 

three sets of wells (each set containing a deep and a 

shallow well) completed in Quaternary deposits (wells 

FPB92-2A and FPB92-2B at site 29N51E32BABB, 

FPB92-1 and FPB93-2 at site 29N51E32BBBA, and
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FPB93-3 and FPB93-3A in 28N51E22CBCB, Thamke 

and others, 1996, tables 1 and 3). The vertical extent of 

a confirmed Type 3 contamination plume in T. 29 N., R. 

51 E., is delineated by two sets of wells located along 

the northern part of the plume. In the first set of wells, 

the deeper well FPB92-2A is 46 ft deep and is perfo

rated at 31-41 ft below land surface, at the base of the 

alluvium; the shallower well, FPB92-2B was 27 ft deep 

and was perforated at 12-22 ft below land surface, 

within the top of the saturated alluvium (this well is 

now destroyed; Thamke and others, 1996, table 3). 

Water sampled from well FPB92-2A in July 1993 was 

Type 3 and had a dissolved-solids concentration of

46,100 mg/L, a chloride concentration of 35,000 mg/L, 

a density of 1.051 g/mL, and a specific conductance of

102,000 uS/cm. Water sampled from-well FPB92-2B 

during initial well development in September 1992 had 

a specific conductance of 17,600 pS/cm. In the second 

set of wells, the deeper well FPB92-1 is 53 ft deep and 

is perforated at 38-48 ft below land surface, within the 

base of the alluvium; the shallower well, FPB93-2 is 27 

ft deep and is perforated at 18-27 ft below land surface, 

within the top of the saturated alluvium. Water sam

pled from well FPB92-1 in July 1993 was Type 3 and 

had a dissolved-solids concentration of 91,100 mg/L, 

a chloride concentration of 58,000 mg/L, a density of 

1.060 g/mL, and a specific conductance of 127,000 

(iS/cm. Water sampled from well FPB93-2 in July 

1993 was Type 2 and had a dissolved-solids concentra

tion of 6,450 mg/L, a chloride concentration of 3,200 

mg/L, a density of 1.004 g/mL, and a specific conduc

tance of 12,300 pS/cm. The water-quality information 

from these two sets of wells indicates that saline-water 

contamination is present throughout the entire vertical 

extent of the saturated zone, and that the chloride con

centration and density of water in this saline-water con

tamination plume increase with depth in the alluvium. 

The vertical stratification of chloride concentration and 

density differences in the aquifer may have developed 

over time as the dense, saline water settled deeper in 

the aquifer, indicating an -older-source of saline con

tamination or the differences may indicate a subsurface 

source of contamination.

In the third set of wells, the deeper well FPB93-3 

is 81 ft deep and is perforated at 52-57 ft below land 

surface, at the base of the glacial deposits; the shal

lower well, FPB93-3A is 49 ft deep and is perforated at 

41-46 ft below land surface, at the top of the saturated 

glacial deposits. Water sampled from well FPB93-3
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was Type 3 and had a dissolved-solids concentration of 

58,700 mg/L, a chloride concentration of 35,000 mg/L, 

a density of 1.046 g/mL, and a specific conductance of 

98,600 pS/cm. Water sampled from well FPB93-3A 

was also Type 3 and had a dissolved-solids concentra

tion of 63,500 mg/L, a chloride concentration of

38,000 mg/L, a density of 1.045 g/mL, and a specific 

conductance of 97,200 pS/cm. The water-quality 

information from these two wells indicates that saline- 

water contamination is present throughout the entire 

depth of the saturated zone, and that the chloride con

centrations decreased very slightly with depth. The 

density of water in this saline-water contamination 

plume varied insignificantly with depth in the glacial 

deposits. The presence of dense, saline water of similar 

characteristics throughout the aquifer may indicate that 

the source of saline contamination may still be contrib

uting saline water to the aquifer or that the source 

inputs are recent enough that an insufficient period of 

time has elapsed to develop vertical chloride and den

sity gradients.

Magnitude

The magnitude of the amount of water in the 

Quaternary deposits of the study area that is possibly 

affected by saline-water contamination ranges from 

about 9 to 60 billion gal (27,600-184,000 acre-ft). This 

volume is based on estimates of the saturated thickness 

of the Quaternary deposits for the lateral extent of con

firmed and possible Type 2 and Type 3 saline-water 

contamination plumes and the porosity of the Quater

nary deposits. The saturated thickness of the Quater

nary deposits ranges from 17 to 46 ft; the lateral extent 

of the confirmed and possible Type 2 and Type 3 saline- 
water contamination plumes is 12.6 mi2; and the poros

ity of gravels, sands, and clays (typically found in Qua

ternary deposits) has a range of 20-50 percent (Heath, 

1983, p. 7).

Movement

Contaminated water in Quaternary deposits east 

of the Poplar River generally moves westward toward 

the river then southward in the Poplar River valley. 

The variation in water density from saline-water con

tamination in the Quaternary deposits may result in a 

significant downward vertical component of flow for 

the more dense contaminated water. Factors that may 

affect the vertical density gradients of contaminated

ground water include the source of saline-water con

tamination (surface or subsurface) and the timing of 

saline-water contamination (a distinct vertical density 

gradient may have developed from an older saline- 

water contamination event, whereas little to no vertical 

density gradient may have developed from a recent or 

current saline-water contamination event). In isolated 

areas, dense, saline water may settle in small depres

sions on the surface of the Bearpaw Shale.

The effect of saline-water movement on water 

quality in Quaternary deposits is illustrated by water- 

quality diagrams shown in figures 17-19 for selected 

wells. The water-quality diagrams represent the chem

ical composition of selected water samples collected 

from wells completed in Quaternary deposits for con

firmed Type 2 and Type 3 saline-water contamination 

plumes (Thamke and others, 1996, table 6; Levings, 

1984, table 2).

The effect of saline-water movement into areas 

that have little or no contamination in Quaternary 

deposits is to increase dissolved-solids and chloride 

concentrations; the effect of saline-water movement 

away from contamination areas in Quaternary deposits 

is to decrease dissolved-solids and chloride concentra

tions. In some cases, the effects are more dramatic than 

others, depending on the chemical characteristics of the 

source, quantity of contaminated water, proximity to 

source, and ground-water flow characteristics in the 

area. The following three examples show the effects of 

saline-water movement into and out of areas over dif

ferent periods of time.

In the first example, uncontaminated water 

became moderately contaminated within a 15-year 

period because of the movement of a moderately con

taminated (Type 2) saline-water plume; this example is 

illustrated in the water-quality diagrams for well M-25 

(fig. 17). Well M-25 is a privately owned well com

pleted in Quaternary deposits of a confirmed Type 2 

plume located in parts of secs. 3, 9, 10, 15, 16, 17, 20, 

21, 22,27, and 28, T. 28 N„ R. 51 E. (pi. 3). Water col

lected from well M-25, which was uncontaminated in 

1975, became moderately contaminated by 1990 as 

Type 2 saline water had moved into the area of the well.

In the second example, uncontaminated water 

became considerably contaminated within a 4-6 year 

period because of the movement of a considerably con

taminated (Type 3) saline-water plume; this example is 

illustrated in the water-quality diagrams for wells M-28 

and M-31 (fig. 18). Wells M-28 and M-31 are privately 

owned and completed in Quaternary deposits of a con-
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Figure 17. Chemical composition and dissolved-solids concentration of water sampled from well M-25 in the East Poplar oil 
field study area, northeastern Montana.

finned Type 3 plume located in the central and southern 

parts of sec. 21, the southwestern part of sec. 22, the 

northwestern part of sec. 27, and the northern part of 

sec. 28, T. 28 N., R. 51 E. (pi. 3). Water collected from 

both wells during 1985 was uncontaminated. Water 

collected from well M-28 in 1989 was moderately con

taminated. Water collected from well M-28 in 1991 

and well M-31 in 1989 had become considerably con

taminated. By 1993, water collected from well M-31 

was similar to the brine produced from the oil field 

(Type 4). The increasing trend in dissolved-solids con

centration in water from M-28 and M-31 may indicate 

that the source of the contamination was active during 

1985-93. Because no further construction has occurred 

in this area (Debi Madison, Fort Peck Tribes, Office of 

Environmental Protection, oral commun., 1997), the 

source of the contamination may still be active.

In the third example, considerably contaminated 

ground water became less contaminated within a 7-11- 

year period because of the movement and dilution of a 

considerably contaminated (Type 3) saline-water 

plume; this example is illustrated in the water-quality 

diagrams for wells W-ll, W-15, and W-16 (fig. 19). 

These wells are completed in Quaternary deposits of 

confirmed Type 2 and Type 3 plumes located in parts of 

secs. 19, 20, 29, 30, 32, and most of sec. 31, T. 29 N., 

R. 51 E. (pi. 3). Water collected from all three wells 

was considerably contaminated in 1982. In 1989,

water collected from well W-ll had become moder

ately contaminated and water collected from well W-15 

was still considerably contaminated; however, dis

solved-solids and chloride concentrations had 

decreased substantially. Well W-16 was plugged and 

destroyed; then well FPB92-11 was drilled at the same 

site and perforated at the same interval as W-16. In 

1993, based on water from well FPB92-11, water at the 

site was still considerably contaminated, but dissolved- 

solids and chloride concentrations had decreased sub

stantially. Wells W-ll and W-15 are located on the 

upgradient edges of the plumes, and well FPB92-11 is 

located on the edge of the plume. In each of these 

wells, the decreasing dissolved-solids and chloride 

concentrations probably were due to dilution by fresh 

water as the plume moved towards the Poplar River 

and upgradient saline water source inputs were 

decreased or terminated. The quality of water in these 

wells had not returned to uncontaminated concentra

tions at the date of their most recent sampling. The 

density of water collected from wells in this plume 

increases with depth in the alluvium; therefore, move

ment of saline-water contamination may follow the top 

of the Bearpaw Shale and in isolated areas, may settle 

in small depressions. In this plume, the elevation of the 

top of the Bearpaw Shale is about 30 ft lower on the 

southeast side of the Poplar River compared to the 

northwest side. The plume also extends past the Poplar
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Figure 18. Chemical composition and dissolved-solids concentration of water sampled from wells M-28 and M-31 in the East 
Poplar oil field study area, northeastern Montana.
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FPB92-11 in the East Poplar oil field study area, northeastern Montana.

River, indicating that some saline-water contamination 

may have moved beneath the river to the other side of 

the alluvial valley.

Poplar River
The Poplar River is and will continue to be the 

recipient of some if not most of the saline-water con

tamination in the Quaternary deposits of the study area 

because of ground-water discharge to the river. Lev- 

ings (1984) determined that a downstream increase in 

chloride concentration and downstream change in 

water type from sodium bicarbonate to sodium chloride 

were indications of saline ground-water discharge to 

the Poplar River. Information collected during the cur
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rent investigation indicates that saline ground water is 

still discharging to the Poplar River; and there is a pos

sibility that saline ground-water discharge to the Poplar 

River will occur in another downgradient area in the 

future.

Four sets of streamflow measurements and five 

sets of water-quality measurements were conducted 

along a 9-mi reach of the Poplar River valley to deter

mine gains and losses in streamflow and changes in 

water quality (Thamke and others, 1996, pi. 1 and table 

11). In general, the precision of streamflow measure

ments indicates that apparent gains or losses of about S 

percent or less might be the result of measurement error 

rather than actual gains or losses in streamflow. Chlo

ride loads, in tons per day, were also computed for sites 

with measured streamflow and chloride concentrations 

to describe downstream variation along the Poplar 

River, according to the following equation:

L = QC-K (1)

where:

L = chloride load, in tons per day;

Q = streamflow, in cubic feet per second;

C = chloride concentration, in milligrams per 

liter; and

K = units conversion constant (0.0027).

In the first set of measurements, conducted during 

September 1981 as part of the investigation by Levings 

(1984), streamflow decreased from 1.7 to 0.7 frVs and 

both the chloride concentration and load increased 

from 20 to 880 mg/L and 0.1 to 1.7 tons/day, respec

tively, between sites PR-1 and PR-5. In the second set 

of measurements, conducted during October 1990, the 

chloride concentration increased from 12 to 240 mg/L 

between sites PR-0 and PR-9. In the third set of mea

surements, conducted during April 1991, streamflow 

remained essentially constant among the sampling sites 

at 82-85 fP/s and both the chloride concentration and 

load increased from 11 to 29 mg/L and 2.4 to 6.7 

tons/day, respectively, between sites PR-0 and PR-9. 

In the fourth set of measurements, conducted during 

July 1991, streamflow remained essentially constant at 
44-47 ft3/s and both the chloride concentration and 

load increased from 10 to 61 mg/L and 1.3 to 7.2 

tons/day, respectively, between sites PR-0 and PR-8. 

In the fifth set of measurements, conducted during Sep

tember 1991, streamflow varied slightly from 7.9 to 11 

ft’/s from site PR-1 to PR-8; while both the chloride 

concentration and load increased from 17 to 160 mg/L 

and 0.4 to 4.8 tons/day, respectively. On the basis of

these five sets of measurements, chloride concentra

tions and loads consistently increased downstream 

regardless of gains or losses in streamflow.

The Poplar River flows through several areas 

underlain by two saline-water contamination plumes 

(pi. 3) that could be sources of saline ground-water dis

charge and that appear to affect the water quality of the 

river. Figure 20 illustrates streamflow and chloride 

loads along measured reaches of the Poplar River. The 

reach where the water quality of the Poplar River 

appears to be most affected is between sites PR-2 and 

PR-6 (Thamke and others, 1996, pi. 1 and table 11); a 

smaller part of this reach (PR-2 to PR-5) was first iden

tified by Levings (1984). In 1981, chloride loads 

increased significantly between sites PR-1 and PR-3, 

indicating inputs of 2.2 tons/day from ground water in 

this reach. In 1991, chloride loads increased between 

PR-2 and PR-6; most significant increases were 

between PR-4 and PR-6. The reach between PR-2 and 

PR-5 of the Poplar River flows through a confirmed 

Type 2 (moderately contaminated) saline-water plume 

and a confirmed Type 3 (considerably contaminated) 

saline-water plume. Saline-water-plume delineation 

between PR-5 and PR-6 is unknown, due to the lack of 

electromagnetic geophysical measurements in this 

area; however, increased chloride loads during 1991 

indicate possible saline ground-water discharge 

between these two sites. On the basis of streamflow 

and water-quality measurements collected from 1981 

through 1991, the large downstream increase in chlo

ride load indicates that saline ground water discharges 

to the Poplar River, presumably from the confirmed 

saline-water plumes.

Farther downstream, between PR-6 and PR-9, the 

Poplar River flows through or near a confirmed saline- 

water plume of moderate contamination (pi. 3) that 

may affect the water quality of the river in the future. 

Streamflow and water-quality measurements made 

during 1991 indicated that streamflow remained fairly 

constant, while chloride loads remained fairly constant 

or increased slightly (fig. 20). Chloride concentrations 

from a well completed in the downgradient part of this 

plume increased during 1975-90 (discussed in the 

‘Movement’ section of‘Saline-Water Contamination’). 

A lack of appreciable downstream increases in chloride 

load between sites PR-6 and PR-9 indicates that, cur

rently (1996), the confirmed Type 2 (moderately con

taminated) saline-water plume may not be measurably 

affecting concentrations in the Poplar River; however, 

movement of saline-water contamination evidenced by
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increased salinity in a nearby well may increase the 

dissolved-solids and chloride concentrations of saline 

ground-water discharge to the river in the future.

Possible Sources

Water-quality information from wells in the Qua

ternary deposits and from sites along the Poplar River 

indicate that saline-water contamination has occurred 

in the study area. Three possible and general sources 

of saline water in Quaternary deposits in the study area 

are saline seeps, water from the underlying Bearpaw 

Shale, and brines from the production of oil. Specific 

sources of saline-water contamination plumes can be 

discerned from additional interpretation of electromag

netic geophysical data.

General Sources

Saline seeps are common in many parts of eastern 

Montana as a result of leaching of saline soils derived 

from marine shales. Typically, the major constituents 

in water from saline seeps are sodium, magnesium, and 

sulfate, and concentrations of chloride are low com

pared to concentrations of sulfate (Donovan and others, 

1981; Halvorson, 1988). In contrast, contaminated 

ground water in the study area has a sodium chloride 

chemical composition with a large ratio of chloride to 

sulfate ions. Furthermore, no saline soils and relatively 

few areas of saline seeps have been mapped in the 

study area (U.S. Department of Agriculture, 1985; 

Miller and Bergantino, 1983). Therefore, saline seeps 

are not a likely source of saline-water contamination in 

the study area.

The Cretaceous Bearpaw Shale is relatively 

impermeable; therefore, wells in the study area are per

forated in the overlying Quaternary deposits. How

ever. it is possible that minor amounts of water from the 

small fractures and fissures in the Bearpaw Shale inter

act with water from Quaternary deposits, depending on 

vertical gradients in the ground water. Analyses of 

water from two wells completed in the Bearpaw Shale 

in the southwest pan of the reservation are stored in the 

National Water Data Storage and Retrieval System 

(operated and maintained by the U.S. Geological Sur

vey). The major constituents in water from the Bear

paw Shale for these two wells are sodium and sulfate, 

with chloride concentrations of 180 and 110 mg/L. In 

contrast, the major constituents in contaminated 

ground water in Quaternary deposits are sodium and

chloride, with chloride concentrations greater than 330 

mg/L. This difference in water chemistry, Ln addition 

to the impermeable nature of the Bearpaw Shale, indi

cates that water from the Bearpaw Shale is not a likely 

source of saline-water contamination in the study area.

Brine is a byproduct of most crude-oil production 

activities. Most of this brine originates from intrafor- 

mational dissolution of halite in the oil-producing zone 

which, in the East Poplar oil field study area, mainly is 

the Charles Formation of the Mississippian Madison 

Group. The major constituents in brine are sodium and 

chloride, a composition that is similar to contaminated 

ground water in the study area. The strong similarity in 

water chemistry indicates that brine is a likely source of 

saline-water contamination in the study area.

Possible sources of the brine and resultant saline- 

water contamination in Quaternary deposits in the 

study area are brine-injection wells, oil-production 

wells, brine-evaporation pits, pipelines, storage tanks, 

and upward brine migration from subsurface zones 

through well casing or fractures, although no faults or 

fracture systems are known in the study area. The 

approximate quantities of brine injected through brine- 

injection wells throughout the oil-field’s history, calcu

lated from EPA and BLM well records, are shown in 

table 2; the locations of brine-injection welis, oil wells, 

brine-evaporation pits and other pits, pipelines, and 

storage tanks are shown on plate 3.

Specific Source Areas

In several of the saline-water plumes (pi. 3), some 

electromagnetic geophysical measurements were sig

nificantly higher than the measurements used to delin

eate the plumes. Contouring of these significantly high 

electromagnetic geophysical measurements from figs. 

11-14 appears to delineate specific source areas of 

brine in these plumes. The electromagnetic apparent 

conductivity is considered to be significantly high if the 

value is 20 mmho/m higher than the electromagnetic 

apparent conductivity used to delineate subarea 3. 

Consequently, electromagnetic apparent conductivity 

values for Areas 1 and 2, greater than or equal to 70 or 

90 mmho/m, as shown on the following page, were 

used to delineate areas around or downgradient from 

probable sources of brine contamination.

The correlation is strong between areas of signif

icantly high electromagnetic apparent conductivities 

and the location of particular brine-injection wells, oil 

wells, evaporation pits, pipelines, and storage-tank
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Area 1 Area 2

IOmeter, vertical-dipole orientation 20-ineter, vertical-dipole orientation
20-meter, horizontal-dipole oriematson 40-njetct, horizontal-dipole orientation

Significantly high 
electromagnetic 

apparent conductivity 
(mmho/m)

>70
>90

facilities (pi. 3). On plate 3, areas of significantly high 

electromagnetic apparent conductivities are shaded 

separately from the types of plumes. Probable specific 

sources may be located in or hydraulically upgradient 

of the areas of significantly high electromagnetic 

apparent conductivities. However, the areas of high 

electromagnetic apparent conductivity may not be all- 

inclusive; therefore, other specific source areas may 

exist.

SUMMARY AND CONCLUSIONS

The sole developed source of ground water for 

residents in and near the East Poplar oil field is the 

Quaternary deposits, comprised of the Poplar River 

alluvium and glacial deposits. Depth to water in allu

vium generally has a range of about 5-44 ft below land 

surface; depth to water in glacial deposits has a range 

of about 7-130 ft. Water in Quaternary deposits east of 

the Poplar River generally moves westward toward the 

river where it merges with southward-flowing ground 

water in the Poplar River valley. The Quaternary 

deposits are underlain by the relatively impermeable 

Upper Cretaceous Bearpaw Shale, which limits down

ward movement of ground water. Representative 

hydraulic-conductivity values determined from two 

aquifer tests were 77 ft/d for alluvium and 42 ft/d for 

glacial deposits; corresponding transmissivity values 
were 2,400 ft^/d for alluvium and 800 f^/d for glacial 

deposits.

The quality of water in Quaternary deposits in the 

study area is highly variable and is dependent on loca

tion relative to sources of contamination. Dissolved- 

solids and chloride concentrations in water sampled 

during 1989-93 from wells completed in the Quater

nary deposits have ranges of427-91,100 mg/L and 7.3-

58,000 mg/L, respectively. Three types of water exist 

in the Quaternary deposits, and a fourth type of water 

represents the brine. Uncontaminated water (Type 1) is 

principally a sodium bicarbonate and a sodium sulfate 

type water. Moderately contaminated water (Type 2) is 

a sodium chloride water, with dissolved-solids and 

chloride concentrations significantly larger than in

32

uncontaminated water. Considerably contaminated 

water (Type 3) is principally a sodium chloride type; 

however, the concentrations of dissolved-solids, 

sodium, and chloride are significantly larger than in 

moderately contaminated water. Considerably con

taminated water is similar to the brine (Type 4), which 

is produced with the oil and is injected by brine-injec

tion wells.

Electromagnetic apparent conductivity data were 

collected in an area of about 21.6 mi". The data were 

contoured and interpreted in conjunction with water- 

quality data to delineate the lateral extent of saline- 

water contamination plumes in the Quaternary depos

its. The extent of saline-water contamination in Qua

ternary deposits in the East Poplar oil field may be as 
much as 12.4 mi2. Electromagnetic apparent conduc

tivity, combined with water chemistry of samples from 
wells confirms the presence of 7.3 mi2 of contamina

tion, as much as 2.0 mi2 of which is considerably con

taminated (Type 3). Electromagnetic apparent 
conductivity data for unsampled areas indicate 5.1 mi2 

of possible contamination, 3.2 mi2 of which may be 

considerably contaminated (Type 3).

In contaminated areas, saline water is present 

throughout the entire vertical extent of the saturated 

zone of the Quaternary deposits as evidenced by anal

yses of water samples from nested wells at three sites. 

At two of the sites, the chloride concentration and den

sity of water in a saline-water contamination plume 

increases significantly with depth. At the third site, the 

chloride concentrations and density of water in a 

saline-water contamination plume did not vary signifi

cantly with depth, possibly indicating that the source 

may still be contributing saline water to the aquifer.

About 9-60 billion gal of water in the Quaternary 

deposits are possibly affected by saline-water contam

ination. This range is based on the estimated saturated 

thickness and porosity of Quaternary deposits affected 

by confirmed and possible-saline-water contamination 

plumes.

Generally, the saline-water contamination 

appears to move laterally in the general directions of 

ground-water flow—laterally toward the river then
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southward in the Poplar River valley. The movement 

of saline-water plumes is evidenced by the changes in 

dissolved-solids and chloride concentrations over time. 

Increasing concentrations over time indicate that a 

plume has migrated into the area; decreasing concen

trations indicate a departing plume where dilution is re

establishing lower concentrations. Some movement of 

saline-water contamination may follow the top of the 

Bearpaw Shale. In one documented case, a consider- 

| ably contaminated saline-water plume in the alluvium 

I extends to both sides of the Poplar River valley; thus, 

the saline water may have moved beneath the river to 

the other side of the valley.

Saline ground water discharges to the Poplar 

River, as evidenced by a downstream increase in dis

solved-solids and chloride concentrations, as well as a 

downstream change in water type from sodium bicar

bonate to sodium chloride. In the northern part of the 

study area, a saline-water plume probably is discharg

ing to the Poplar River. In the southern part of the study 

area, a larger, less contaminated saline-water plume is 

not significantly affecting concentrations in the Poplar 

River, although increasing dissolved-solids and chlo

ride concentrations in nearby wells indicate that the 

plume may be approaching the river; thus, saline 

ground-water discharge may eventually affect this 

reach of the river as well.

The probable source of saline-water contamina

tion of the Quaternary deposits is brine from the pro

duction of crude oil in the East Poplar oil field study 

area. Dissolved-solids and chloride concentrations of 

this brine have ranges of about 47,700-201,000 mg/L 

and 27,000-120,000 mg/L, respectively. Most brine 

disposal has been by injection into subsurface geologic 

units; smaller, unknown quantities of brine have been 

directed into storage and evaporation pits. Within the 

saline-water contamination plumes, the locations of 

significantly high electromagnetic apparent conductiv

ity values generally are close to the locations of partic

ular brine-injection wells, oil wells, pipelines, and 

storage-tank facilities. These areas appear to be prob

able specific source areas of the saline-water contami

nation.
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Multiply or To obtain

*cre 4.W? square meter
cubic font per second (ft*/») 002S32 cubic meter per second

foot (ft) OJCUS meter
gallon (gal) 3783 liter

gallon per minute (gal/min) 0.06309 liter per second
inch (tit.) 23.4 millimeter
mile (mi) 1.609 kilometer

square font (ft*) 0.0929 square meter
square mile (mi*) Z59 square kilometer

Temperature can be am veiled to degrees Celsius (°C) or degrees Fahrenheit (°F) by the equations:

C - 3,9 <°F - 32)

F-9/3 {•Oi-32

Sea level: Inthb report, * sea level” refers to the National Geodetic Vertical Dsiumof l929(NGVDof 1929)-a geodetic datum derived from 
a general adjuration of the first-order level neb of both die United States and Canada, formerly called Sea Level Datum of 1929.

Abbreviated watcr-qiuluy units used in this report:

pg/L microgrem per liter
pS/cm rniaosiemen per centimeter at 23 degrees Celsius
mg/L milligram pet liter
gAnL grain per milliliter
per mil pan per thousand

tv Hydrologic data lor th* East Poplar oil Odd, Fort Peck Indian Reservation, north** item Montana
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HYDROLOGIC DATA FOR THE EAST POPLAR OIL 

FIELD, FORT PECK INDIAN RESERVATION, 

NORTHEASTERN MONTANA

by Joanna N. Thamke'. Steven 0. Craigg1. and Thomas M. Mendes2

Abstract

This report presents selected hydrologic 
data for the least Poplar oil field, located in the 
south-central part ol’the Fort Peck Indian Reserva
tion in northeastern Montana. Data about the 
occurrence, quantity, and quality of ground and 
surface water are presented in tabular form. The 
tables contain records of privately owned wells 
(active and abandoned), monitoring wells installed 
by the U.S. Geological Survey and Montana 
Bureau of Mines and Geology, oil wells, and 
brine-injection wells; lidiologic descriptions of 
drill cuttings and well-completion data from mon
itoring wells; dntu from two aquifer tests con
ducted in Quaternary alluvial and glacial deposits: 
chemical quality of ground water; and information 
on the quantity and chemical quality of surface 
water. Records of electromagnetic geophysical 
measurements collected throughout an area of 
about 20 square miles of the study area are com
piled and included on a floppy disk.

Illustrations in this report contain informa
tion about study area location, site-numbering sys
tem, general physical and cultural features, and 
construction of monitoring wells installed by the 
U.S. Geological Survey. A plate-sized map pre
sents additional information about privately 
owned wells, monitoring wells, oil wells, brine- 
injection wells, surface-water data-collection 
sites, and areas of electromagnetic data collection.

The dam presented itt this report provide a 
base with which to butter define and interpret the 
occurrence, quantity, and quality of ground and 
surface water in the vicinity of the Poplar River 
Valley in the south-central pan of the Fort Peck 
Indian Reservation. The data can be used to help

delineate the occurrence of brine and saline water 
in Quaternary alluvial and glacial deposits in the 
Fast Poplar oil field.

INTRODUCTION

Oil production began in the East Poplar oil field 
in 1932 from the Mississippian Madison Group at 
depths between about 5.SG0 and 6.000 ft. Since Iticn. 
large quantities of brine (water having a dissolvcd- 
solids concentration greater than 35.000 rng/L. classifi
cation of Swenson and Baldwin. 1965) have been pro
duced with the oil. Most of this brine, which has a 
dissolvcd-solids concentration of as much as 160.000 
mg/1.. Iras been disposed of by injection into shallower 
formations (mainly the Upper Cretaceous ludilh River 
Formation, and a deeper. Lower Cretaceous unit that 
historically has been referred io os the Dakota Sand
stone by oil companies and by Hie Fort Peck Tribes). 
Sonic of lire brine has been directed ro storage mill 
evaporation pits.

A reconnaissance investigation (Levings. 1984) 
detemiined the existence of saline-water contamination 
of shallow ground water in the alluvium along the Pop
lar River. In response to reported increased salinity of 
ground water used for domestic and stock supplies 
within and near the oil field, the U.S. Geological Sur
vey (USGS). in cooperation with the Fort Peck Tribes, 
began an investigation in 1991 of shallow ground water 
in Quaternary alluvial and glacial deposits within the 
East Puplaroil field.

Purpose and Scope

This report presents hydrologic tlatn that cur
rently (1995) are available for the East Poplar oil field 
study area. Must of these data were collected Onsite 
during summer 1991, 1992, and 1993. Some of the

'U.S. Gceiloglfat Survey. Helena, Montane. 
7Manison-Mrtcrlc Environmental Corp. Helena. Momma.

erralract 1

MAR02-1379



data conjoined herein were collected during previous 
investigations.

Data compiled for this report include both 
ground-water and surface-water. Ground-water data 
consistof records oT privately owned wells, USGS and 
Montana Bureau of Mines and Geology (MBMG) 
installed monitoring wells, oil wells, and brine- 
injection wells; lithologic logs of the USGS-installcd 
monitoring wells; water-quality data from privately
owned, monitoring, and brinc-injeciion wells; and data 
from two aquifer tests (one conducted in alluvial 
deposits and one conductedin glacial deposits). Elec
tromagnetic geophysical data also are included for two 
areas. Surface-water data include measurements of 
streamnow quantity and quality.

A descripUon of the geology and hydrogeology 
of the study area is beyond the scope of this report. 
However, the geology of the general area has been 
mapped by Colton (l9tS3a.b); the geology of the study 
area has been discussed by Levings (1984) and Craigg 
and Tharnkc (1992). The hydrogeology of the study 
area has been discussed by Levings (1984). Craigg und 
Thanike (1992, 1993). Mendes and others (1992). 
Tharnkc und others (1992),Thamke and Craigg 0 993). 
and Craigg and Tharnkc (1995).

Location and General Features of the Area

’Die East Poplar oil held study area encompasses 
about 70 square miles northeast of Poplar in northeast
ern Montana, in the Fort Peck Indian Reservation. 
Roosevelt County (fig. 1). The study area is locoted 
primarily in Townships 28 and 29 North, and Ranges 
50 and 51 East (pi. I). in and adjacent to the Poplar 
River Valley. Typography of the study area generally 
consists of a glacial bench of relatively low relief, dis
sected by the Poplar River and its tributaries (fig. 2).

Dryland farming is practiced on the glacial 
bench and in some pans of the Poplar River Valley. 
Livestock ranching also is practiced locally throughout 
the study ateu. Oil wells, storage tanks, evaporation 
pits, pipelines, and various structures associated with 
oil production are present on the landscape throughout 
the study aiea (fig. 3).

Sllc-ldcnllticntlon Systems

A site number is used as the primary identifica
tion for wells. This site number is based on the rectan
gular system for the subdivision of public lands (fig. 4); 
the number consists of as many as 14 characters and is 
assigned according to the location of a site within a

7

given township, range, and section. The first three 
characters specify the township and its position north 
(N) of the Montana Base Line, white the neat three 
characters specify the range and its position cast (E) of 
the Montana Principal Meridian. The next two charac
ters indicate the section; the next one to four characters 
indicate the position of the site within the section. 'Hie 
first letter denotes the quarter section (160-acre tract); 
the second letter denotes the quarter-quarter section 
(40-acre tract); the third letter denotes the quancr-quar- 
ter-quartcr section (10-acre tract): and the fourth letter 
denotes the quarter-quartcr-quartcr-quartcr section 
(2.5-acre tract). These lettered subdivisions of the sec
tion are indicated as A. B. C. and D in a counterclock
wise direction, beginning in die northeast quadrant. 
The Iasi two characters form a sequence number based 
on the order that a site was inventoried in that tract. For 
example, site number 29N5IE09ABBA01 represents 
the first well inventoried in the NE 1/4 NW 1/4 
NW 1/4 NE 1/4 sec. 9. T. 29 N., R. 51 E.

Wells also arc identified by an alpha-numeric 
well name, allowing for ease of cross reference 
between wells plotted on plate I and wells listed in rel
evant tables. The well name consists of as ninny as 
three alpha characters and as many as four numeric 
characters. The alpha character denotes the well type: 
(FPB)-'-USGS monitoring well installed during this 
Investigation; (W)—USGS monitoring well or miscel
laneous inventoried domestic well from Levings 
(1984); and (M)-misce\lancous privately owned well 
or Montana Bureau of Mines and Geology (MBMG) 
observation well. The numeric characters for USGS- 
installed monitoring wells denote the sequence that 
wells were drilled; for example, well FPB93-3 is the 
third well drilled in 1993 during this investigation. The 
numeric pan of wells identified by "M* numbers is 
assigned to allow for cross reference between plate 1 
and relevant tables. Brine-injection wells and sampled 
oil wells are identified using the name assigned by the 
particular oil company; for example. Murphy l-Dis a 
brine-injection well, and Murphy 58 is an oil well.

Stteamfiow measurement sites along the Poplar 
River arc identified by an alpha-numeric system and by 
latitude-longitude. The alpha-numeric pan of the site 
number follows the system used by Levings (1984) and 
is based on downstream order, beginning with site 
PR-0 and ending with site PR-9. One measurement site 
(PR-8) was located at a long-term USGS strcamfiow- 
gaging station (06181000), and one measurement site 
(PR-1) was located at a USGS miscellaneous stream- 
flow-measurement station (06180600).

ttytfrologtc data to/ tha Ea»J Poplar oil field, Port Peel Indian ll« salvation, northeastern Montana

Flguro 1. Local bn o! iho Easi Poplar oil field study oroa. Fori Pock Indian Rosorvotton, northeastern Moniano.
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Figure 2. General physiographic features of Iho East Poplar oil field. Fon Peck Indian Reservation, northeastern Montana.
(A) Viow oast across the a&uvium-fiiled Poplar Rivor Valley, toward the glacial bench. (8) Viow east along Poplar River showing 
typical deposits consisting of a gravel bar on the near side and a river bank formed of reworked glacial deposits on the other 
sido.

Figure 3. Various surtaco structures associated with oB production in tho East Poplar oil field. Fort Peck Indian Rosorvaiion, 
northeastern Montana. (A) Viow east (from SE 1/4 NE 1/4 HW 1/4 S6 t/4. sec. 10,. T. 28 N„ R. 51 E.) of a b/ine-injociion wed 
(Murphy 8-0; well 28N5>E280BAD01, table 2). storage tanks, and an evaporation pit. (B) View north (from SE 1/4 SE 1/4 SE 
1/4. SE 1/4. sec. 30. T. 29 N„ R. 51 E.) of woodon oil-storage tanks. In tho background and to the right of the tanks b a brino- 
injection well (Murphy 1*0; well 29MSi£30DDD0Ol, table 2).
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PRESENTATION OF DATA

Ground-water data are presented for 60 privately 
owned wells. 34 USGS-installed monitoring wells (27 
installed during this investigation and 7 from Lcvings, 
1984). 5 MBMG-installcd wells. 8 sampled oil wells 
(table I) and 20 brine-injection wells (tabic 2). Loca
tions of these wells arc plotted on plate 1 (in pocket). 
Lithologic logs and completion data for the 27 monitor
ing wells installed during this investigation arc given in

table 3. Figure 5 illustrates the typical completion of a 
monitoring well. Data from two aquifer tests (one con
ducted in alluvial deposits along die Poplar River and 
one conducted in glacial deposits east of the rivet) are 
reported in tables 4 and 5. respectively. The location of 
the monitoring wells used for the aquifer tests are plot
ted on plate 1. Results of chemical analyses of sam
ples from privately owned wells, monitoring wells, oil 
wells, and brinc-injcction wells arc listed in tables 6 
and 7. Tables 8 and 9 contain results of chemical anal -

PRESENTATION OP OATA 5
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Figure 4. Site-numbering system.

yses of deionizcd-water field blanks processed through 
ground-water sampling equipment. Tables 1-9 are 
located ai the back of the report

Surface-water data arc presented for 13 sices 
along the Poplar River (tables tO and II). Table 10 
contains the site numbers and locations, along with 
physical descriptions of the sites: table U presents 
streamflow measurements, specific-conductance val
ues. temperatures, and chloride concentrations of sur
face water at these sites. The locations of surface- 
water sites are plotted on plate 1. Results of water- 
quality analyses at two of the 13 sites (site PR-1. which 
was measured periodically during this investigation, 
and site PR-8, which is a long-term USGS gaging sta
tion) are presented in tables 12 and 13. Tables 10-13 
are located at the hack of the report.

Electromagnetic geophysical data were collected 
within two areas encompassing approximately 20 mi2 
of the East Poplar oil field: these areas are shown on 
plate I. The electromagnetic data-collection site coor
dinates, values of apparent conductivity, and other 
information are compiled and included oh a floppy disk 
located in die pocket of this report.

DATA-COLLECTION METHODS

Existing data for privately owned wells, moni
toring wells, oil wells, brine-injection wells, and

ground- and surface-water quality were obtained from 
various sources. Field activities conducted during this 
investigation included inventory of existing privately 
owned and monitoring wells, measurement of electro
magnetic geophysical properties, measurements of 
streamflow along the Poplar River, installation of mon
itoring wells and description of lithologies, aquifer 
testing, and water-quality sampling. Methods used to 
collect these data are described below.

Existing Data

Existing data were obtained from various 
sources. These-data sources and the general types of 
data obtained from them are listed below.

U.S. Geological Survey. Helena,
Mont.—Selected ground-water- 
level and grountl-watcr-quaiity 
data from Levings (1984) and 
Thamkc (1991), selected stream- 
flow and surface-water-quality data 
from Levings (1984). and geologic 
information from published geo
logic maps.

Hydrologic dots tor the East Poplar oil Hold. Port Peck Indian Reservation, northeastern Montana

she conditions).

FIGURE s

MAR02-1382



Bureau of Land Management, Milos 
City. Mont.—Records of oil and gas 
wells, records of brine-injection 
wells, and locations of oil am) gas 
and brine-injection wells.

US. Environmental Protection 
Agency. Helena, Morn.-Detailed 
information about brine-injection 
wells and water-quality analyses 
for water from selected brine- 
injection wells.

Bureau of Indian Affairs. Poplar, 
Mont.—Land-ownciship maps.

Public Health Scrvicc/lndian Health 
Scrvicc-Fon Peck Service Unit. 
Wolf Poim. Mom,—Drill logs of 
selected waicr wells and water* 
quality analyses for water from 
selected wells.

Fort Peek Tribes. Poplar. Mom.— 
Water Resources Office-Drill logs 
of selected water wells, well-own- 
ership information. and water-qual
ity analyses foi water from selected 
wells

Minerals Office-Information about 
location and status of selected 
brine-injection wells and subsur
face geologic information from 
geologic maps.

Office of Environmental Protec
tion-Water-quality analyses for 
water from selected wells and 
information about brinc-tnjcciion 
rates and quantities.

Murphy Oil USA. Inc.. Poplar. 
Mont.-Locntimis of oil. gas. and 
brine'injection wells.

Montana Bureau of Mines and Geol
ogy. Butte. Mom.-DriM logs of 
selected water wells and water- 
quality analyses for water from 
selected wells.

Well Inventory

All privately owned water wells were invento
ried to acquire data in areas not coveted by the existing 
data sources. The well inventory included determina
tion of well location, land-surface altitude, geologic 
unit, and well depth, and measurements of water level 
and miscellaneous onsite water quality. Land-surface 
aliiludcs were determined from 7.5*minme topo
graphic quadrangle maps, from oil-well records, or by 
surveying from the nearest benchmark. Geologic units 
were determined from geologic maps and lithologic 
logs. Well depths were obtained from well-completion 
records or by measuring with a graduated steel tape. 
Water levels were measured during June andiuly 1990 
and September 1991 in existing privately owned and 
monitoring wells, during August and September 1992 
in existing privately owned wcUs and selected monitor
ing wells, and during August and September 1993 in 
the 27 monitoring wells that were drilled for this inves
tigation to determine the poicniiomeiric surface in 
Quaternary deposits. Wells inventoried during previ
ous investigations (Levings. 1984; Thamke. 1991; 
Donovan and Bergamino. 19S7) were revisited, and 
information about these wells was updated.

Electromagnetic Geophysics

During summer 1991 and summet 1992. electro
magnetic geophysical techniques were used to measure 
the electrical conductivity of subsurface materials in 
selected areas (pi. 1). A variable-depth ground- 
conductivity meter was used. Because water in the 
Quaternary deposits in the study oreo has a specific- 
conductance range of 658-127.000 pS/cm. electro
magnetic geophysical techniques were used to help 
delineate conductive plumes.

The electromagnetic geophysical survey was 
conducted using cither a O.I-ini grid spacing or a 0.2- 
mi grid spacing; a grid spacing of 0.1 mi was selected 
for areas having possible saline-water plumes. Grids 
were developed for each square mite of the selected 
area: county roads, fence lines, telephone lines, or 
power lines were used to ensure nonh-south and easi- 
west orientation. The base survey line was a nonh- 
south line on the edge of the square mile, and all other 
survey lines emanated from the base line in un east- 
west direction. The transit was on a north-south line 
and was oriented either east or west, depending on the 
position of the survey crew. Distances between survey 
stations were determined by pacing; generally, dis
tances determined by pacing arc accurate to 3 percent 
or less (Lahec. 196i. p; 550). Data values were

ItydxolOQic (tela lot Catl Poplar oil llrld, fori Pack Indian RaMrvttion, norllitttlarn kkmtono

recorded on field maps; these maps arc on file at the 
Montana District Office in Helena.

Electromagnetic geophysical measurements dur
ing the summer of 1991 were made at Area 1 (pi. I) 
with 10-meter and 20-meter imercoil spacing and at 
Area 2 (pi. 1) with 20-meter and 40-meter imercoil 
Spacing. Measurements during summer 1992 were 
made in both areas with 10-meter. 20-meter, and 40- 
meter inicrcoil spacing. At all imercoil spacings. mea
surements were made in both the vertical and horizon
tal dipole positions.

The v3riablc-dcpih ground-conductivity meter 
was checked for gain and the receiver was compen
sated. The meter was nulled daily to remove any off
sets in the output circuitry, individual pacing was 
standardized at the beginning of each field trip and 
checked daily.

Streamfiow Measurements

Instantaneous stream flow was measured periodi
cally at 13 sites on the Poplar River during this investi
gation (table II). In addition, more frequent 
measurements of instantaneous streamfiow were 
obtained at sites PR-l and PR-8 as a pan of water- 
quality sampling procedures (table 12). Strcamilow 
and/or miscellaneous water-quality measurements 
were made during stable streamfiow conditions (dis
charge at site PR-8 varied 5 percent or less per day). 
AH streamfiow measurements in this report were col
lected using standard USGS methods (Rantz and oth
ers. 1932).

Monitoring-Well Installation

During summer 1992 and summer 1993. 27 
monitoring wells were drilled and completed either in 

'Quaternary alluvial deposits along the Poplar River or 
in Quaternary glacial deposits cast of the river (tables I 
and 3; pi. 1). Most drill holes penetrated a few feel of 
the Upper Cretaceous Bcaipaw Shale, allowing for the 
pciforaied interval of the well to be completed in the 
lowest pan of the saturated Quaternary deposits. Three 
wells (FPB92-2B, FPB93-2. FPB93-3A; table 3; pi. 1) 
were completed so that tltc perforated interval was in 
the shallowest pan of the saturated Quaternary depos
its; these three wells were located next to wells FPB92- 
2A, FP892-1, and FPB93-3, respectively (cable 3: pi.
I) that arc perforated just above the contact of the Qua
ternary deposits and the Bearpaw Shale. These three 
shallow wells were completed to determine vertical 
differences in water quality and density. Wells com
pleted during 1992 were drilled using hollow-stem

augcring techniques and wells completed during 1993 
were drilled using rotary techniques. Except for wells 
completed specifically for aquifer testing, monitoring 
wells were installed in areas where high apparent 
ground conductivity values were recorded with electro
magnetic geophysical equipment.

The monitoring wells were completed with poly
vinylchloride (PVQ casing: machine-slotted casing 
was used in the perforated interval. Walls installed dur
ing 1992 were completed with 2-in. casing using a 
0.032-in. slot size for the perforated interval (one 1992 
well was completed with 3-in. casing and a 0.025-m. 
slot size); wells installed during 1993 were completed 
with 4-in. casing with a 0.025-in. slot size. For each 
well, a sediment trap (typically 5- to I0*ft long) was 
installed below the perforated interval. The annulus 
around the perforated interval of each well was packed 
either with silica sand or with natural cuttings material 
that caved around lire well casing as the auger or drill 
rod was withdrawn, 'lire annulus above the pack was 
seated with bentonite slurry; a cement pad was used as 
a surface seal. A steel protective casing with locking 
cover was set into the cement surface pad surrounding 
each well. Monitoring wells were developed by surg
ing with compressed air until the discharge remained 
clear and specific conductance remained constant. 
General details of monitoring-well construction arc 
shown in figure 5; additional data for each well arc 
given in table I; lithologic logs and completion details 
for each well me repotted in table 3.

Aquifer Testing

Two constant-discharge aquifer tests were con
ducted during summer 1993. using wells installed dur
ing this investigation (tables 1.4.5: pi. I). One test was 
conducted in alluvial deposits along the Poplar River in 
the N\V 1/4 NE 1/4 see. 09. T. 29 N.. K. 51 E. Draw
down in three observation wells (located at distances of 
about 8 io 72 ft from the pumped well) was measured 
while discharge from the pumped well was held con
stant at 40gal/min for ISO minutes. After ISO minutes, 
drawdown in the Observation wells ranged from 0.64 to 
1.41 ft. Aquifer-test data are presented in table 4.

The other test was conducted in glacial deposits 
cast of the Poplar River in the SE 1/4 SE 1/4 see. 33. T. 
28 N.. R. 51 E. Drawdown in two observation wells 
(located at distances of about 7 to 30 ft from the 
pumped well) was measured while discharge front the 
pumped well was held constant at 12.5 gal/min for 110 
minutes. After I lOmirtutcs. drawdown in the ohserva- 
lion wells ranged from 0.29 to 0.48 ft. Aquifer-test data 
are presented in table 5.

DATA-COU.ECTIOH METHODS 9



Watcr-Ouallty Sampling

Ground-water samples were collected using a 
vnriciy of samplers. Samples from privaicly owned 
wells with pomps were obtained using the existing sub
mersible pump. Samples from monitoring wells tboi 
yielded sufficient water and privately owned wells 
without pumps or power were obtained using either a 
2*in. or 4-in. diameter, ponablc stainless-steel sub* 
mcrsiblc pump. Samples from monitoring wells (hat 
yielded insufficient amounts of water to pump were 
obtained with a PVC bailch All wells were purged 
until at least throe well volumes of water were removed 
and parameters measured onsite (pH. water tempera
ture, and specific conductance) had stabilized. Onsite 
parameters were measured in a now-through chamber 
for pumped wells and a clean sample container for 
bailed wells. Onsite values for alkalinity were deter
mined by incremental titration of the sample with sul
furic acid.

Ground-water samples for chemical analysis 
were collected from a How-through chamber for 
pumped wells or from a sample container for baited 
wells. A peristaltic pump was used to pass sample 
water through a 0.45-micron pore-diameter filter for 
analysis of dissolved constituents. Water samples for 
dissolved-organic carbon analysis were collected 
directly into gloss sample containers from a discharge 
point as close to the well as possible and then filtered. 
Sample processing, filtration, and preservation were 
performed in the field using methods described by 
Knapton (1985).

Ground-water samples (tables 6 and 7) were ana
lyzed for dissolved major ions, trace elements, and 
organic carbon by the USGS’s National Water Quality 
Laboratory (NWQL) in Arvada. Colo., using mctliods 
described by Fishman and Friedman (1989) and Fish
man (1993). Ground-water samples were analyzed for 
oxygcn*l8/oAygcn-l6 (0-18/0-16) and deuterium/ 
hydrogen (D/H) isotopic ratios by USGS laboratories 
in Reston. Va. The 0-18/0-16 and D/H results ore 
reported relative to Standard Mean Ocean Water in per 
mil notation which indicates enrichment (positive 
voluc) or depletion (negative value) of the heavy iso
tope in the sample compared to the standard.

Surface-water samples (tables 11*13) were col
lected using either the equal-width increment, equal- 
discharge increment, or dip method described in Knap- 
ton (1985). Samples collected during October 22-25. 
1990 were analyzed for chloride (with a specific-ion 
meter) and specific conductance by the USGS District 
Office in Helena. Mom. Specific conductance and tem
perature were measured onsite during all other sam
plings as described by Knapton (1983). All other

surface-water samples were collected using methods of 
Ward and Harr (1990) and were analyzed by the 
NWQL. Analytical methods are described by Fishman 
and Friedman (1989) ami Fishman (1993).

Dutu-culicction and analytical procedures used 
during this Investigation incorporated practices 
designed to control, verify, and assess the quality of 
sample data. Methods and associated quality control 
for collection and processing of water samples arc
described by Ward and Hanr (1990). Knapton (1985),
and Knapton and Nimick (1991). Standard quality- 
assurance analytical procedures used by the NWQL are 
described by Friedman and Erdmann (1982) and Jones 
(19S7).

Because of the large concentration of dissolved 
constituents in many of the ground-water samples, 
additional steps were taken afier sample collection at 
each site to minimize possible cross-contamination 
between sites from sampling equipment. The plate-fil
ter amt How-through chamlver were disassembled and 
scrubbed using u low-phosphate detergent and then 
thoroughly rinsed with deionized water. Portable stain
less-steel submersible pumps were placed in either a 4- 
in. PVC casing (for the 2-in. pump) or a 30-gallon plas
tic container (for the 4-in. pump) which were filled 
with tap water. The pump then was operated to flush 
water through the pump and hoses. A low-phosphate 
detergent was added to the tap water and passed 
through the pump and hoses. This was followed by 
rinsing the equipment with tap water until the deter
gent was no longer visually detected. The PVC bailer 
and sampling container were scrubbed using a low- 
phosphate detergent and then thoroughly rinsed with 
deionized water.

Quality-control data to document the reproduc
ibility of analytical results and any sample contamina
tion were provided by test samples that consisted of 
either a replicate sample (table 8) or a field-blank sam
ple (table 9) incorporated in the sampling set. Quality- 
control samples comprised about 10 percent of the total 
number of ground-water samples submitted by the 
USGS for analysis.

A replicate sample is a volume of sampled water 
split into subsainples in such a manner that the physical 
and chemical characteristics of each subsample are 
considered to be essentially identical in composition. 
The percent difference of constituent concentrations 
between replicate ground-water samples did not 
exceed 10 percent.

A field-blank sample for this investigation was a 
volume of deionized water that was passed through 
either all or pans of the sampling equipment to test the 
adequacy of cleaning procedures to prevent cross-con* 

- lamination between sites. Four field-blank samples

were collected during tins investigation. The field- 
blank sample collected after the described cleaning 
procedures at site 28N3IE27BDBB0I on August 29, 
1990 was a volume of deionized water passed through 
sampling hoses and the plate filter. The field-blank 
sample collected after the described cleaning proce
dures at >ttc 28N5IEI6DOCBOI on July 21. 1991 was 
deionized water passed through the 2-in. stainless steel 
pump, hoses, flow-through chamber, and plate-filter. 
Aboul 5 gal of deionized water passed through the sys
tem before the field-blank sample was collected in the 
same manner as the other environmental samples. 'Die 
field-blank samples collected after the described clean
ing procedures at sites 28N51E22CBCBOI on July 21. 
1993 and 29N5IE32ABACOI on August 13.1993 was 
deionized water passed through the 4-in. and 2-in. 
stainless-steel pumps, respectively, hoses, flow
through chamber, and plate filter. For both samples, 
about 20 gal of deionized water passed through the sys
tem before the field-blank sample was collected in the 
same manner as the other environmental samples.
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Toblo l. Records ol privately owned wolls. monitoring wolls. und campled oil wells in tho Goal Poplar oil Hold. Foil Pock Indian
Roso/vntion, northoostorn Montwm

Site number-numbering system described in icai.

Well name-naming .system described in tom (used for cross reference to wells plotted on plate I).
Altitude of land surfacc-in feet above sea level (determined funn U..S. Geological Survey 7.5-minulc topographic maps and 

reported to whole number; from individual nil-well or brinc-injcciion-wetl records; or by surveying levels from the 
nearest benchmark and reported in tenths for selected privately owned wells und for observation wells drilled as part ol'ihis 
study).

Geologic unit (in which well is’complctcd)--

Qnl • Alluvium (Quaternary)
Qi • Glacial till (Pleistocene)
Obo - Glacial outwash (Pleistocene)
Qw Wiota Gravel (F’lcistoccnc)
Tf Fbxvillc Formation (Pliocene and Miocene)
Khf - Hell Creek Formation and Fox Hills Sandstone (Upper Cretaceous)
Kb • Ucarpaw Shale (Upper Cretaceous)
Kir . Judith River Formation (Upper Cretaceous)
Mh - Heath Formation (Upper Mississippi)
Mk - Kibbey Formation (Uppet Mississippian)
Mm Madison Group (Mississippian)

Me • Charles Formation of Madison Group 
Mmc . Mission Canyon Limestone of Madison Group

Depth of well-in feet below land surface.
Primary use of sitc-Ab, abandoned; O. observation; P, oil or gns production; U. unused; W, withdrawal; Z. destroyed. Sites 

with two uses listed indicate that the primary use initially was the first use. but subsequently became the second use.
I*rimary use of water-H. domestic; S, livestock; U. uuused: Z. other. Sites with two uses listed indicate that the primary use 

initially was the first use. but subsequently became the second use.
Water levcI-Dcpth, in feet twlow land surface. Altitude, in feet above sea level (determined as the difference between altitude 

of land surface and depth to water) reported to whole number or tenths, depending on accuracy of altitude of land surface.
Specific conducinitco-rcponed in microsicmcns per centimeter pt 25 degrees Celsius.
Symbol: -. no data.
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Table I. Records of privately owned wolls. monitoring wolls, and sampled oiJ wells In the Gasi Poplar oil Held, Fort Peck Indian
Reservation. northeastern Montana (Continued)

Silo number and 
well nemo 
(plain 1)

Alllludo 
ol land 
surlsca 
(loot)

Geo* 
logic unh

Depth ol 
well 

(feel)

Pri
mary
uao

ol she

Pri

mary
UI4
ol

water

Water level Specillc
conductance.

onsite
(pS/cm)

Oale
specific
conduct

ance
measured

Depth lo 
water 
(lei)

Dale ol
measure

ment

Allitudo
(fuel)

:.s.v5iEoiRnnnni 2.190 Qi 153 W M 43.50 07-19-82 2.142 2.320 .07-21-82

,\M - 4.000 03-22-90

- “ 3.930 07-20-91

28X51 E04CCCD01 2.015 Q> 50 w II - 2.650 06-29-90

M-2 “ - 2.650 03-25-90

UNSHtHSAODAftl 1.935.9 Qd 52 w II 13.50 08-23-90 1.972.4 2.150 06-28-90

M-l 13.35 09-12-91 1,972.6 ‘2.050 03-23-90

2SN5tl*OSaACCOI 1.990 Q»l 15 w H 13.20 06-29-90 1.977 - -

2SNJIKOSB.ACCO: I.9S4.I Qd 25 u U 14,40 06-2990 1.569.7 - -
Mi

28N5IEQ8B8DA0I 1.990 Qd 19 U u 13 06 06-29-90 1.977 - -
su
2S.V51E03BBDB0I 1.992.0 Qd 14 w s 6.75 06-10-89 1.985.2 2.120 06-10-S9

M-7 11.04 10-25-89 1.931-0 2.900 IO-25-S9
9.62 06-29-90 1,982.4 - -

2SN*5lEOSnDBAOt 1.936.1 Qd 39 u Li 1400 06-29-90 1,9721 -
M-t

23N51 EOS BOB A 02 1.936 1 Od 24 c U 14.40 06-29-90 1.971.7 - -
NI.9

wsiit-asccBBoi 1 .976.4 Qd 22 w It 8.67 07-01-90 1.967.7 •ijco 11433-38

M-IO

25X31EOSGCBCOI 1.980 Qd 22 w n 14 JO 074)1-90 1.966 1.460 07-01*90

Mil

23X51 n03CCBCD2 1.930 Qd 20 wZ u 13 OS-05-82 1.967 -
M.i:

2SNilEn3D00801 2.026 9 Q* 102 w H 57.1 06-28-90 1.969.3 9.500 06-28-90

M-l 3 57.25 03-25-90 1.969.6 S.120 03 25 90
54.31 09-12-9! 1.9726 “

23N5lECrtBCB80l 2.043.7 Q* 90 u u 71 JO 06-29-90 1.972.4 2610 07-17 91

M-l 4 ?a 59 07-17-91 1.973.1 - -
71.29 09-12-9! 1.972.4 - **

2JN51EC9CCDD01 2.041.2 Q* 117 w u 7l.t6 06-27-90 1.969.5 '3.910 (M-0749

Ml 5 7080 07-1991 1.9704 '3.230 03-16-89

70 46 09-12-91 1.970.7 3.750 06-27-90

- -
'3.110 07-19 91

a.N'5lEO)CDBRm 2,0264 Q» 104 0 u 51.03 07-24-93 1.975.4 18JCO 03-12-93

FPB93-5 S2-77 03-12-93 1.973.6 -
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Table 1. Records ot piivaiuly owned wells, monitoring wulls, and sampled oil walls in the East Poplar oil field. Eon Peck Indian
Reservation, northeastern Montana (Continuod)

Silo number and 
woQ name 
(plate 1)

Altitude 
ol land 
aurfaca 
(leal)

Cao* 
logic unit

Oepth ol 
well 
(tael)

Pri

mary
use

ol she

Pri
mary

ol
water

Water level
Specific

conductance.
onsite

(pS'cm)

Oa ta 
specific 

conduct
ance

meeaured

Depth to 
water 
(loot)

Oate ol
measure-

menl

Altitude
(leal)

2SN5IEC0DCCCOI 2.009.4 O 93 O U 69 70 10-21-92 1.969.7 1.400 08-13-93
PPB92-I5 67.00 05-25-9) 1.972.4 - -

6663 OS-12-93 1.972.3 - -
67.03 09-CS-93 1.9T2J

2SN51EI2CCDDOJ 2.169 Mm 'j.9io-i.9:o P 7. „ - -
Murphy 2-1

28M5IEI1CCCA0I 2.07J Q« 31 u U 14 Si 0701-90 2.060 3.600 08-22-90

M-16 1406 03-22-90 2061 - -
15.00 09-16-91 2.060 ** “

2SN’5IEI3CCCC0I 2.1 EO Qw 130 w 11 13X74 05-16-89 2.0-47 2.990 03-16-SO
M-17 129.14 0701-90 2.051 3.150 07-01-90

131.-6 08-22-90 2.0*9 J.OCO 03-22 -SO
1X9.13 09-16-91 2.051

28N5IEI6DBC80I 2.046,2 Qt 1(14 W.IJ II.U 79.72 07-23-89 1.966.5 10.000 07-23-89

M-18 79.60 10-25-89 1.9666 12,700 07-21-91
79.62 C6-30-90 1.9666 -
78.91 07-21-91 I.967J
79.65 09-12-91 1.966.6
81.78 08-23-92 1.964.4 **

28N5IEI7AARA0I 1.990 0» 37 tj U 25.59 06-29-90 1.964
M-19

2HN5lEl7Al»DCOl 1.978.6 0*t 36 u t; t 1.79 06-77.90 1.966 8 7,00*1 0S-26-9U
M-20 ll.B-l OS-26-90 1.9*56.3 -

11.78 W-I6-9I 1.966.8

2SS'j;iGl7ABD<:02 1.975/7 QM 36 c i; 9.36 03-23-y2 1.966.5
M-21

2SN5lEt7AUDL>(U 1.9906 Qt JO w it 21.07 G6-27-90 1.9665 10.CC0 06-27-90

M-22 RIO 03-26-90 1.9665 8.600 08-26-90
24.02 09-1691 1.9666 - -
24 15 03-73-92 1.9664 -

28N51E17 AbDDOJ t ,992.7 0*1 68 0 u 25 37 09-1691 1.9675 _
M-23 25.45 03-23-92 1567.2 ~

2SN3IEI7ADAOOI 2.03U Q> 130 w it 63 01 03-23-90 1.5675 4550 03-28-90
M-24 62. SO 07-1691 1568,3 3580 07-16-91

63 63 03-12-91 1.9675 _ -
63.77 03-23-92 I.967J - "

2SNSIEI70AOA0I 2.030 9 O' 102 w H 75.99 06-30-90 1.954.9 ‘i.oso 02-10-75
M-2S wSO> 08-25-90 1.9645 5500 07-22-69

65.86 09-12-91 1.9652) 4.600 06-30-90
6606 08-23-92 1.964.3 4.400 08-25-90
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Table 1. Reoords ol privately owned wells, monijoring wells, and sampled oil wolls in the East Poplar oil liold. Fori Peck Indian
Reservation, northeastern Montana {Continued)

Depth ol 
well

(leet)

Prl-
Prl- V/alerlevel Date

Site number and
well name 
(plate 1)

ol land 
• urlace 
(toot)

Geo
logic unit

muy
use

ol site

ma/y
use
ol

water

Depth to 
water 
(leal)

Oate ol
measure

ment

Altitude
((eel)

conductance,
onsite

(pS/cm)

■ pec t lie 
conduct

ance
measured

23N3IEI8ARDC0I

M-26
2 .000 QS-i - W II ~ - 790 * 077)1-90

28N5IE2IBDBCOI 2.029.1 Qt 91 W.U ll.U 6674 08-26 90 1.962.4 6.500 07-20-89

M-27 66 <0 09-12 01 1.96X7 5.820 08-26-90

6674 08-23-92 1,962.4 “ ~

2SN5IE22BBBB0I 2.061 6 Q> 65 O U 1866 1021-92 2.012.9 3.0» 07-24-93

FPB92-I7 1692 05-26-93 X044.7 -
13.10 07.21-93 2.0165 - ~

28N5iE22»dcaoi

Dud let A-l

2.035 Me 5.S72 P.Ab IJ ‘120.000 (M-3U-8I

23.N'5tE2:CQCB0l 2.030.0 Q< 8! O u 36 79 07-21-93 2.043.2 98.600 07-21-93

55*139 30 35.76 09-08-93 2.(M4.2 “ “

2SN*JU;22CUCflU2 2530 0 Qt 49 O u 36 49 07-20-9*3 2.013,5 97.200 07-20-91

FPB93-3A 35,34 09 08-93 2.044.7 **

28.V5lErCDCa)l 2.1028 O' 85 W.u II.u 57.87 07-M-83 2.014.9 4.003 07-14-83

.M-28 59.26 0741-90 2.013,5 '4.010 0709-85

59.25 06-23-91 2.013.6 13.000 07-20-89

59.25 07-20-91 2.043,6 11.400 10-26-89

59.06 09-12-91 2.013.7 26500 (77-20-91

53.83 08-23.92 2.014,0

?8N‘51E22COCC02 2.102-7 Qt 85 W.L* H.U 60.20 07-20-59 2.04X5

M-29 59.99 I0-26-S9 2.01X7 -

28N3Ui25ACr<C0l 2.178 Me *5.350-5.330 P.Ab 7. „ 73.200 01 09-67

Tenneco l Me *5,640-5.650
- - 160.000 01-09-67

28N5IE27ABAA0I 2.161.1 Qt 135 W H 118.26 07-01-90 2.012 8 *1.310 10- it -89

M-30 120,27 03 24-90 2.048 *1550 11-10-89

113.27 06-07-91 2.012.3 '1.760 12-15-89

113.15 06-11-91 2.00.0 1.750 07-01-90

118.15 09-12-91 7.00 0 1.120 03-24-90

117.88 08-23-92 2.0*3 2 2.1C0 09 -12 91

.. _ 1550 01-15-92

- - - l^fO 07-23-93

28M51E27ACDB01

Murphy 63

2.167 Mb *4560-4.970 P.Ab Z - - - “ "
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Table i. Records of pnvajely owned wells. monbortng walls. and sampled od wells in me East Poplar od hold. Fori Pock Indian
Resorva^on. rtoriheasiam Montana (Continued)

Site number and 
we3 nama 
(plate 1)

Altitude 
ol Und 
surface
<*••«)

Geo
logic unit

Depth ol
well

((••I)

Pri

mary
usa

Ol all*

Prt-
maty
uaa
ol

water

Wilar level Spedtlo
conductance,

onsite
(pSfcm)

Date
epeclDc

conduct
ance

measured

DtpUi to
water
(loot)

Oate of

measure
ment

Altitude
(leet)

21N5lC27nnitBOI 1083 0 Qt OS w.u H.U 3150 07-24.19 10313 *3.470 03.23 13

M-31 4143 I0-25-S9 2.0426 ‘ll.TTO 1I-2I-ES

4141 07-01-00 2,00.6 23.000 07-24 89

42.43 OS-27-90 1CM16 2230) 10-23-19
42.42 0101-91 1042.6 48.00 (18-27-40

4132 04 05-91 10117 '57.7(0 01-31-91

4130 03-OS-91 1042.7 31.4(0 03 0S-9I

42.70 06-20X1 2.0413 63.CC0 07-22-91

*lJi 0707 91 10*33 30.00 04-13-92

4123 07-12 91 1042* SI 300 07-23-93
413) Ot-15-92 10424 - -
4110 05-23-92 1042.9 - -
41 $2 07-23-93 10*33 - *•

T5.V3IE29BACAOI 1^74 d o» 30 w H IS 49 C3-I3-93 1.936.1 2X90 05 17-93

M-32

2B>'51 E29CACB0I 1.974.9 0*1 32 w II 27.88 06-29-90 IX*7.0 670 06-29-90

M-n 27 S9 05-23-90 1.9470 690 08-23-90

28X51L32CCCB01 2X20 o 120 W H - - - i jro 06 30 90

M-34

2SN31U32DCCCDI 2.010 Qt 10* U u 60,33 06-27-90 1.930 -M-33 SI 10 W-16-91 1.919 * “

2SN3lE33flnOBOl 7.0*1 4 Qt 120 W II 69 96 06-27-90 IXJt-« *2.0)0 03-17 19

M-36 90 fft US-24-90 1.951.i 2.9CO 06-27-90
89 70 09-12-91 1.941.7 2.670 03-Jt <0

2SK5IEJ3BBOCOI 2X*S 0* 107 U u 91 17 06-27-90 1.934 .. «
M-37 91.95 09-12-91 1553 ~
2Sh3IEJ3BBBC02 2J043 Qt 120 W 11 9201 C3-24-90 1.953 'll.VI 03-16-89

M-J5 9t6S W-12-91 1X53 2.700 08-24-90

25N31UJC8 A A0I 2.030 Qt 130 U u IC0.7S 06-27 90 1X49 - -
M 39

28X51E33DDCCOI 2.075 Q* 60 u u 43 76 06-29-90 1031 -M-40 43.C9 0)-tfr9l 2X32 - -

ZSN31E13DDCC02 2X73 0- 66 w.u H.U 4151 06-29-90 2.032 3,4(0 06-29 90

M-4| 41.44 09-16-91 1034 - -
4039 03-17-93 2.035 - -

28X31 fDIODCCO) 2.070 6 0w 63 0 U 41.46 08-1693 1029J OS-17 93

n»H93-4A 41.55 OS-17-93 2.029.2 ~ -
41.07 09-08-93 2.029.7 ~ **

2SN3lKJir)DCC04 2.070.8 Qw 65 o U 4l.fr* 08-16413 1029 2 .. -PP093-4U 41.71 OS-17-93 2X29.1
41.27 09 OS-93 1029.5 - -

u Hydrologic data lot IA« £ati Popii/ oil (ItId, Fori PkI Indian Riuntllofl, notth< Montana

Table 1. Rooords ul pnvaioty owned weds, motionng woCa. and sampled od wads in iho East Poplar o3 held. Fort Pock Indian
Rosorvatton. nonneastern Montana (Contmued)

Slla number and
wotl name 
(plate t|

Altitude 
Ol land 
eurface 
(leti)

Geo- 
logic unit

Oeptb ol
w«0

(laeil

Plk

mary
uae

ol she

Prt-
mary
uae
ol

water

Water level Specific
Oate

specific
conduct

ance
measured

Depth to
water
(leet)

Date ol

measure
ment

Altitude
(leet)

conductance, 
onsite 

(p S'era)

2IN31B33DXCCQ3 2.070 » Q* 66 O U 41 SI 01-1693 1029 0 ~ .FP093-4C 41.90 08-17-93 2.028.9 -
41.4) 07-03-93 2.029.4 -

2SN'52lilSACCAOl 2.135 MntC :6.0:0 6.0SO P.Ab 7. ~ .. - tx.oto 03-17-52

Murphy 2

2*N'52E201IOOBOI 2 125 o 101 O U >11 <x 10X6 43 1032 *1.760 10X6-15

M-4? ♦nn 08-15-85 2.033 -
’nji I0X6-3S 2.033 -
'nu> 11-04-65 1053 -
*71.01 12-10*5 1032 -
*71.11 Ol-U-86 1053 -
*1*.U 02 11-36 1050 - -
*7151 04-0*46 2X52
*7110 05X746 2X32 - -
*7171 06-10-36 1053 - -
*7175 07X3 86 1053 - -
*7170 08 X6 *6 1033 - »
*7110 09-1146 1033 - -
*7151 10X5-86 1032 - -
*7191 11-2046 1033 - -
>7127 01X947 1033 - -
*7201 02-1147 2.033 -
V? 22 03-1087 1033 - -
*71.74 01-0)47 1053 - -
*11.4) 03-12-87 2,033 - -
*11 72 06 03-87 1053 - ~
’ll 71 06-30-87 2.053 - -
*71.71 07-31 87 2.033 -
*71)1 10-0)47 2.033 - -
*7099 03-37-88 1054 - -
*71 79 07-1543 1054 _ -
*70 7) I2-I34J 2X54 - -

TABLE 1 19



Tobto 1. Records ol pnvatofy owned wotls, monitoring wolls, and somplud oil wells in ihe East Poplar oil liold. Fort Pack Indian
Reservation. northeastern Montana (Continued)

Slto number and 
wall name 
(OUU 1)

Altitude 
ol land 
turltci 
(feel)

Coo* 
logic unit

Oepth ol 
watt 
((•at)

Prt.
maty

ol

Pri
mary
Ute
ol

wiltr

Water level Data
• pacific 
conduct*

• rvea
measured

Depth to 
water 
(loot)

Date ot

meaaura-
meni

Altitude
(leal)

conductance, 
on alia 

(pSlcm)

28N52E2OCCCC0I 2.143 <v 128 0 U Vft4 07-24-85 2,017 ?J40 08-21-90
M-O *96 10 OS-15-85 2.047 -

>9438 10-05-85 2.W7
*96.04 11-0445 2.0*7 - -
V&w 12*1085 2.046 ..
•9423 01-14.86 2.047 -
VS.TO 02*11-86 2.0M - ~
“9662 03-06-86 2.0:6 ~ -
V6JJ 04-04*86 2,047 _ -
“94.19 03-07-86 2.047 -
>9424 06-10*86 2.047 -
“9424 07-08-86 2.047 - -
*9603 C8-C&46 2.047 - _
“95.91 09-1146 2.047 - -
*96 <0 IOCS-16 2.047 - -
“91.25 11-2046 2.047 _ -
*9616 01-C947 2.0J7 -
*95.93 02-ll-n 2j047 .. -
"9402 03-10-17 2.047 _ -
Vs 61 04 0947 2.047 _ -
“9352 05-1247 2.047 *. -
V3 53 06-05-87 2^*47 - -
V3 45 06*30-57 2.047 -
VS.6I 07*3147 2.0*7 . -
Vd.23 104*7-57 2.047 - -
V4.97 (D-27-58 2.0*8 - -
*95.47 07-1548 2.018 -
*94,80 12-1844 2.048 *. -
94.80 07-01-90 2,0*8 - -
9306 03-21*90 2,018 -

25NJ2EOD15DOOI 2,173 o. no 0 U *140.55 03-1545 2.032 *1.950 100)45
M-*4 *14063 10-05*35 2.032 -

•llJJO 11-0145 2.036 -
*79W >2-10-85 2.W4 .. -
“7429 01-1446 2.C95 -
*77.16 03-C6-S6 2.096 ~

’111.07 05-07-36 2.C60 -
“76.54 06-10-Sc 2.096 - •*

79N50EUCOAIKJI 2J80 11 44 IJ u 37.80 06*29 90 2.5*2 .
M-4J

29IW&MCD0D01 2,180 Tr 48 IJ u 41.50 06-29-90 2.338 „ -

M-4C»

rvKiOBIjnAAAOi 2J8Q Tf .. u u 8.66 t>6-29-90 2.371 „
M*4?

WWlCOSCCCAOl 2.100 Me 5.970 p z *. - 62.2CO 01*24.56
Murphy 58

» HyOioladr data to* th» Ea*l Poplar aO 0*feJ, Port P«ct MUn Rit*rvi{ton, AorUtMitim Uw/jn*

T&blo l. Reoords ol prlvuloty owned wells, monitoring weDs, and somplod oil wotls in the East Poplar oil liold. Fort Pock Indian 
Rosorvaiion, northeastern Montana (Continued)

Site number and 
wall name 
(plate 1)

Allllude 
ol land 
aurteco 
(loot)

Geo
logic unit

Depth ol 
wed 
(feel)

Pri
mary
u»e 

ol »ite

Pri
mary
use
ol

water

Water level Speclllo
conductance,

onrile
(}i&/cm)

Dale
• pacific 

conduct*
enc#

moaaurod

Depth to 
water 
(leet)

Dale ol
muatuio*

menl

Altitude
(loelj

29N5I!:0>MUI!A0I 2,038 6 O-l *2 0 U 8 98 09-22-92 2.029.6 1 J<0 09-22-92
KPH92-I5 8.37 0S-2S-9J 2.0301 -

7J7 08*1693 2.031.0 *- -
7.76 09.09-93 7.0308

29N51EOMUHA02 2.033,5 Q»l 38 0 U 8.95 09-24.92 2.029.6 1,240 09-24-92 ,
IPI192-I6 8.52 05.25-93 2.0300 -

7.53 OS-1693 2.031.0

29N5IHOMHUAO] 2.033.4 Q»i 42 0 u 8.79 09-22 92 2.029 6 1J40 09-22*92
FPB92-I? 5 38 05*25-97 2.0300 - -

7.26 08*1693 2.031.1 -

29S5IEWAO0AO* 2.035 3 Qrt 36 O u 7.42 08*1693 2.031-1 1.2(4 08*16-93
FPB93-I

29N5IEI0CDAAO1 2070 0 57 w II 49 84 0629-90 7X20 2J50 06-29 90

M*4S 4933 09-11-91 2.021 - **

29n‘5IEIOCOaROi 2.070 0* 60 w s 44.70 Co-7960 2.025 *1.940 05*14*85
8M9 4*54 09-11-91 2.026 - ~

29N5lElCCnnAOt 2.C05 0*1 9u W.C sx 44.44 05*0542 2,021 1.390 05-05*82
M*J0 - - IJ 60 07-21*82

29N5IGMUODaGI 2.190 Khf IW L* u .. IJ50 06-28.90
M-31

29NJIEUC\CA0| 2.0)5 0-1 62 w II _ 1.850 0628-90
M-52 " - 1.710 07*1991

29SJ1B1 jCCHDOl 2.0*1 7 0*1 65 W ii 29.2 J 06-28-90 2.012.5 -
M-53

29S5lEl6lll3-\A0l 2.0306 0»i 53 L u 9 14 07-20-82 2.Q2IJ IJ50 07 *20-91
W*1 10 32 11*0342 2.0207 - -

9.98 044)7-87 2,020.6 - -
1079 11 -18-Si 2.019.8 - -
It 22 06-30 90 2.019.4 -
I0«9 07*18-91 2.020 1 - -
10.80 09-11-91 2,019.8 - -
11.22 OS-23-93 2.019.4 ** -

29N8lKloC0CC0l 2.0302 0.1 25 L* U 13.48 03-04.82 7.016.7 ' 1.610 07-23*79
W-2 13.52 07*2042 2.016,7 9(4 07-2647

15.22 07*22-89 2,015.0 -
15.52 06-3090 2.014.7 “ **

WNMItlbCCAAOl 2.027,0 0*1 23 W z 9.31 05-0142 2.017.7 1.140 05-0-142
W*3 11.90 06-11*89 7.015.1 1.140 07 20-82

12.13 06-30-90 2.014.9 tjco 06-1149
tail 07-18-91 2.016.5 1.220 07-18-91

TABLE 1 Jl



Toble l. Rocoida cf pwalely owned wets, monaonnp wo3*. and aemplod od weQs in the East Poplar od liotd, Fort PocV Indian 
Rosorvsixa. nodheaslorn Montana (Continuod)

Site number and 
well name 
(plale 1)

Altitude 
ol Und 
■urlece 
(Inel)

Geo* 
logic unit

Depth ol 
wed 
(leei)

Pri

mely

ol tile

Ptb

mary
UH
ol

walar

Water level Oete
• pacific 

conduct
ance

measured

Depth lo
water
pool)

Dele ol

measure
ment

Altitude
tleet)

oortducience, 
onsite 

(li S'cm)

79N3lfll6r>ACA0l 2,013.2 G-il 23 W II 4 83 06-29-90 2.013 4 ’u:o 03-08-90

MS* 6.23 08-23-90 2.012,0 1.650 06-79-90
400 09-11-91 2,012.2 1.520 08-23-90

29M5lGl»CCCCni 2X^4 *» Q<1 ur Kb 87 U 0 JS.fA 05-04.82 2,009.1 '1.070 07-27-79

W-4 33.31 07.2082 2/09.3 'll.VO 07-27-82
33.47 11-03-82 *009.3 9.300 07-22-89
33 43 04-07-83 2.009.3 - -
$3.39 07-13-83 2.009 2 - -
3373 11-18.83 2.009.1 .
5690 07-22 59 2.007 9
57 08 06-10-90 2.C07.7 - -
5665 09-11-91 2/03-2 ~
56 94 08-23-92 2.007.9 - -

29XSIGI9DCACOI :jwo Kp 740 w.u */,u - ~ - I7/C0 07-22-32

MSS

J9S5lfi»AimAOJ 2X37 Od 44 u u 2*67 07-77 82 2.012 'l.JM 07-2J-79

w.6 25.70 06-3090 2.011 ' ».»30 07-76-82

29N5IR3DHCDIU11 2.049 .Mm $.773 l» y. - '6WOO 03X1-76

Murphy 84

wNsiftsiccnniii 2X27 Mm 5.750 1* z - '62JIO 03X1-76
Mmphy 71

29V3lB20OAnH0l 2,011.7 0*1 Sh 0 u 16 89 09 72-92 1.996 8 I2XOI Crr-J2-92
FPI19M1 2039 05-25-93 1.993 3 14.2(4) 08-I5-9J

15.76 08-15-93 1.997 9 -
29V3lli2l ABCII01 2X16 Oil 197 u L' 11.37 05-0442 2/03
W 7 11 20 07.2082 2.C05

11.20 11-0342 2/05 ~
29NJIE3I AllCCTl 7X2$ 1 0=1 n w ii 951 03 <M42 2X15-6 *12*0 07 23 79

W.| It 31 C6-II89 3.0136 1,250 03X4-n
1117 07-13-91 2.013.8 1,200 07 20-82

- - IXT0 D5-II-39

- “ 1X20 07 11-91

NWlirMAHIMM 2/127.9 0.1 J3 o IJ 12.39 09-22-92 2.013 S 1X80 09-22-92
FPH92 14 11.93 05-25-93 2.016,0 1X00 08-15-93

11.42 03-1393 2.016 j -

23 (lydiologic d«U lor (hr East Poplar o*l R*W. Fort Pack Indian Rrtrntllon, north*»»Um Montana

To bio l. Records el prtv&ioiy owned woOs. monrtonng wo3s, and oumplcd od wads tn iho East Poplar od figU. Fort PocV tndun 
Rosorvatton. northoaslorn Montana (Commueo)

She number end
well name 
(plate 1)

Altitude 
ol land 
•uitaco 
(leet)

Geo
logic unit

Oopth ol 
well 
(leet)

Pri

mary
use

Ol site

Pri
mary
use
ol

water

Water level
Specific

conductance,
onsite

(pSrem)

Dele
speeille

conduct
ance

mas siued

Depth to 
water 
(Uel)

Dele of
measure

ment

Altitude
(leet)

29N*$llt7l IIIIAAOI 2X23,4 Qal 17 u u 9, if) 03X1*82 2.016,0 '1X70 OI-Z3-79

w-9 9.82 07-20-52 2.015.6 3.100 07.Jft.82
10/X 11-01-82 2.014.8 4.600 07-22-89
10,53 04 07-83 2.014.9 - -
1097 07-13-83 2.014.4 -
11.04 11-18-83 2.014.4 - --
11.67 04-19-89 2,013.7 -
11 8$ 07-22-89 2,013.6
12.01 06-30-90 2.013 4 -
1103 09-11-91 2.014 1 -
11 81 08-23-92 2X136 ** -

29.\3iiiNCnmu)i 2X07 Oil 45 0.2 u IL23 OS-3142 1X96 iojko non
ur-io IIXI IIX2-82 1JWS - -

1133 04 07-53 1.995 -
11.97 07-13-83 1X95 -
1139 IMS-83 1.995 ** -

29N3i£jiAAnnoi :/ii31 0*1 54 O u 19 35 08-31-82 1X936 17.(Y0 Il-Ol-42

W-11 19 87 11X2-82 1.993.2 i2.a« 04-19-89
19 69 04X7-83 1.993.4 13.3(0 07-23-89
20/2 07-13-83 1.993.0 ..
20.48 II-18-83 1.992.6 -
20.48 04-19-89 1.992.6 -
2075 07-13-89 1.992.4 - -
21X6 08-27-90 1.992.0 -
20 57 09-11-91 1.992.5 -
19.64 09X9-93 1.993.5 “ -

79MlliJlABDD0l 2.0A6 1 o-l 43 O u 1559 09-23-92 1.990.5 15.101 09-23-92

FPU92-6 1526 05-26-93 1.9908 15.103 08-1093
14.16 08-1093 1.991.6 - -
1468 09X9-93 1.991 4 ~ **

29N31G31UDBA0I 2.0062 0-1 40 o u 1762 09-23 92 1.9886 IJI9 09 23-92
FPU92 10 1731 05-26-93 1.988 9 8.90) 05-1X93

16 39 03X9-91 I.9S9.8 - -
16 82 09X9-93 1.919.4 - “

29,\‘3UUlC\OnOI 1.904.3 0-1 33 0 u 857 09-73-92 1.985 7 74.3(0 07-23 92
FPII92-9 8.27 05-26-93 1.986.0 74.5(0 08-11-93

7.10 08-11-93 1.987.2 - --
7.90 09-10-93 1.9864 *•

79.\3tii3ii:mAixn 1.998.5 0-1 37 0 i; 10.54 09-23-92 1,9880 11.000 09-23*92

fPB92-7 1040 05-26-93 1.988.1 ‘26J10 ns-n-9]
9.22 08-11-93 1.989.3 -
9.65 09-10-93 1.988 8 -

TABLE I 23
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Tablo 1. Records ol privnloly owned wens, monitoring wotls, and sampled oil wolts in iho East Poplar o:l lie Id. Fon Pack Indian 
Reservation, northoostorn Montana (Continued)

She number and 
weB nim« 
(pUle 1)

Attitude 
ol land 
surface 
(led)

Geo
logic unit

Oeplh ut 
well 

(»••«)

Pll-
maty

ut«
ol tile

Pri

mary
uso
ol

water

Water lovol
. Specific

Date
specllto

conduct
ance

measured

Depth to 
water
(fed)

Data ol

menuif
meni

Altitude
(leei)

conductance,
enslia

(pS/cm)

29N5IE3IO&DDOI I.&93 9 Oil 33 0 U 8.30 W-23 92 1.9856 15.0*0 0)23-92
r?B924 7.SI 03-26-93 1.986.1 31X0 08-12-91

dJ2 05 11-93 1.937J -
079 09-1093 1.987.1 -

N,V5t£T2AfMCOl 2.011? Oil 41 0 U 29J4 10-21-92 1.989 4 75.100 1921-92
FPQ9?-t 24.34 03-25-91 1.99-1/1 25X0 08-13 93

21.88 07-26-93 1.996.8 - -
22.49 03*1193 1.955.1 “ ~

29N51G31ACCAOI 2/119.2 0.1 30 0 U 22.67 10-21-92 1.956.5 19X0 (0-21 -92
FP092-5 12.50 OS-25-93 1.936.7 18X0 08* 14.93

22-87 07-26 93 1.9961 -
2185 08-14-03 1.996 4 "

29NSIE32BAAD01 3.002. t CM 39 0 U 8.95 10-20-92 1.9)3.2 57,ICO 10-20 92
FPB92-3 8.49 05-25-91 1.993.6 35.400 OS-14.93

7.20 OS-13-93 1.9)4 9 -
7 71 09-1093 1.99* i - “

29.S5IE37RA0BOI 2.031.4 Qil 46 0 u 845 OT-24-92 1.W10 90X00 09-21-92
FPB92-2A 797 03-23*93 1.993.4 I02.CC0 07-26-93

5.14 07-26-93 I.996J - -

29N5lE32ftAtiB02 2.001.6 0.1 27 ox u 7.7* 09-24-92 1.993,9 I7.6CO 09-24*92
IT1192*20 7.36 03-25-93 1.99*4 ..

4,46 07-26-93 1.997.1 -

29MIG32OQAA0I 1.999 0*1 42 0.2 u 8.37 08-31-67 t.yoi 70X0 11411*17
W-12 8.12 11-02-82 1.991 - ~

767 04-07-83 1.991 _
«9 07-1343 1.991 - “

29N5IE320B&A0I 2/016 0j1 31 ox u 950 01-31*82 l»*.l
W-13 9.88 11*0242 1.993.7 _ ~

9.16 01-07-83 1.9)4 4
9.67 07-1343 1.933.9 - -
S.8I 05*0249 1.9)4 8 ..
8.83 07-21-91 1.994.8 -
2 15 09-11-91 1.9)5 4 “ -

29N51E320D OaO] 2.000 0.1 4? ox u 9.41 08-3142 1.9)1 58X0 11*0247
W-|4 9.69 11-0242 1.990 .. _

9.06 01-07-83 1.991 _ -
9.77 07-13-83 1.9)0 .. ~

1004 11-1843 1.9X1 - ~

29N51 E32Untl AID 2/04 2 0*1 SJ o u 11.14 03-24-92 . 1.9)3 1 123X0 09*24.92
FP892-I 12.23 03-25-93 imo 127X00 07-25*93

10.78 07-25 93 159)4 - -
10.80 09-09-53 1.99 3 4 " “

29N5lEJ2BQtiAOi 7XOU CM V 0 u 4 59 07-25-93 1.9)3 6 12X0 07-23 93
FPG93-7

24 Hydrologic data tor Iho East Poplar oil tiold, Fori Peck Indian Hascrvotlon. northeastern Montana

Table 1. Records ol privately owned wells, monitoring wuDs, and sampled oil wells in the East Poplar od Held, Fort Peck Indian 
Resorvdiion. nonhoasiern Montana (Continued)

Site number and 
well name 
(plate 1)

Altitude 
ol land 
surtace
(led)

Geo
logic unit

Depth ol 
well 
(!••*)

Prl.

mary
use

ol alt#

Pri
mary

ol
water

Water towel Spec! (la 
conductance, 

onsite 
(pS/cm)

Oale
speclllc

conduct
ance

measured

Depth lo 
water 
(leet)

Date Of
measure

ment

Attitude
(leet)

29N3iii3?nnnnoi 24*M? 0*1 49 0 U 1021 ni-1142 1,994.0 170.000 11473-82
W-13 1020 11*02-82 1.9940 10.000 04-19-89

9.71 04-07-83 1.994.4 65.0CD 07-2149
10 24 07-13 83 1.994.0 - -
1050 11-1843 1.993.7 ~ -
1020 01-19-89 J.994.0 - -
9 ft) 01-23-89 1.994 6 - -

11.94 08-27.90 1.9924 “

29NS t K32 UCCaOI 1.996 0*1 40 ox U 8.84 01-31-17 1.917 70XO II-0242
W-16 5.81 11 -02 82 1.987 - -

3 16 04-07-83 1,938 - -
8.87 07-1) 83 1.987 - -
8.97 11-1841 1.987 ~

29.^511132110002 2.1 VII.I 0*1 43 0 U 10.19 09-24-92 1.990.0 36X0 09-24-92
FPB92-IJ 9.93 03-26-93 1,991.2 41,7(0 08-11-93

8.76 01-1093 I.992J **

29N5IID6CB0B0I 2.0SO 0*0 42 o u *24.7! CS-25-S5 2.055 - -

M36 *24.73 1005-13 2.055 - -
*2*68 11-04-13 2.QSS - -
*21.83 12-10-85 2.055 ~
Hist 0«04-86 2.055 -
*24.42 05-06-16 2.056 ~
^2*1.10 06-1046 2.056

OMlH-86 2.056 -
>24.19 0806*86 2.0S6 -
*24.20 09-11.86 2.056 -
>□96 1008-86 2.056 - -
*23.30 11.2046 2.056 -
Hun 014)9-17 2.056 - -
Hi is 02-11.87 2/256 - -
>24 13 01-1687 2.056 ~
*2402 04-09-87 2/256 - -
>23.39 05-1247 2.056 -
>23.79 06-05-87 2.056 - -
*23.89 064017 2.056 -
>23.99 07-3147 2.056 ->23.71 10 09 87 2.056 -
*23.32 (73-77.18 2.057
*24.32 07-1548 2.055 - -
>2491 12-1141 2,055 -
25.02 07-01-90 2.055 ~ “

29N51U360C0CDI 2.065 Oc® 30 0 u >633 104)545 2.053 >638 10-03-85
M-57 7.22 07 01-90 2.058 ** “
•| thomory neiMtencnt: specific Uborwiry listed tn obW 6 
*S«nfdu>| dCfth
^Unum Owrtu of Mines and Occlop. Duttt, Muni.
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Table 2. Records ol known brino-injocien welts m iho East Poplar or! held. For: Pock Indian Resorvahon. northeastern 
Montana

Site number-numbering system described tn text.
Well name-oil company name for specified well Sties ore plotted on plate I.
Altitude of land surface-in feet above sea level, determined from USGS 7.5*minute topographic maps, or from individual 
brtnc-injecuon well records.

Geologic unit (unii ciilicr imo which brine is injected or that is the source of die brine)-
Kjr - Judith River Formation (Upper Cretaceous)
Kd • Dakota Sandstone (Lower Cretaceous)
Mb - Heath Formation (Upper Mississipptan)
Mm - Madison Group (Mississipptan)

Me ♦ Charles Formation of Madison Croup 
Mmc • Mission Canyon Limestone of Madison Group 

Dn • Nisku Formation (Upper Devonian)
Drilled depth nnd well depth-in feet below land surface.

Site status-Ac. Active; Ab, abandoned.
Abbreviations used in remarks -

BWPD- Injection tutc tn barrels of water (xtr day; PSI. injection pressute in pounds per square inch; 
p5/cm. specific conductance in rntcrosicmcrw per centimeter at 25 degrees Celsius.

Symbol: no doio: (?|. uncertain.

36 Hydrologic dots (or the East Poplar oil (laid. Foil Pack Indian Reservation, northaaslern Monlai

Tab la ?. Rocards ol known brinoinjaction woOs in tho Host Poplar oQ held. For: Pock Indian Rosorvaton. nonhoostom 
Montana (Continued)

Site number 
and *«<! name 

(plala %)

Attitude 
ol lend 
surface 

(leet)

Ceologtc 
unit 
Into 

which 
brine U 
Inj acted

Geologlo 
unit 

that t» 
source 
ol the 
bilne

Or (Had 
depth 
(feet)

WeO
depth
(leal)

She
•talui

Rcmai% •

23N5IE02ACDB01
Murphy 2-D

2.124 Kjr Mm 834 834 Ab Completed as water well December 1951. 
Converted to brine-injection well January
1962. Injection test of 2.880 BWPD into 
Judith River Formation November !96t. 
Abandonment date not known. Water-quality 
analysis available (table 6).

28N3IE03BCAC0I 
Murphy 80-D

2.059 Kd MrmMh 5.832 3.575 Ac Producing oil well July 1956-Apnl 1960. 
Temporarily abandoned M ay 1960. Convened 
to brine-injection well January 1964. injection 
rates: average ° 2.700 BWPD: maximum - 
4.500 BWPD. Injection prcssuies: average * 
400 PSJ: maximum o 630 PSI, Waw/^juaJjty 
analysis available (table 6).

28N3IEO4BCAC0I 
Murphy 59-D

1.990 Kd Mm 5.7h0 3JoS Ab Dry oil well drilled tuna 1955. Converted to 
brine-injection well June 1961. Abandoned 
June 1986. Injection talcs: average «* 4.5C0 
BWPD; maximum ** 6500 BWPD. Injection 
pressures: average » 650 l*S1: maximum - 
800 PSI.

28MJIEIOABACOI 
Hubei 4

2.0S5 Mm Me 6.063 6,063 Ab Producing oil well Scpiembcr 1952-August
1969. Tcmpirarily abantlmial August 1969. 
Convened to brine-injection well October
1970. Abandonment date not known.

2SNSIEI0A3AD0! 
Hubei l-W

2.090 Kjr Mm 881 SSI Ab Completion as brine-injection welt Ckrtobex 
1961. Reported injecuon rate 696 BWPD. 

Abandonment date not known.

28N5IEIODADCOI 
Giace 110X-D

2.094 Mmc Mc.Dn 7.360 7.000 Ab Producing oil well September 1969-Scptember 
1973. Con voted to brine-injection well
October 1973. Injection rales: average® 1.827 
BWPD; maximum = 3.000 BWPD. Injecuon 
pressures: average ° 430 PSI; maximum = 900 
PSI. Abandoned May 1985. Water-quality 
analysis available (table 6).

28H5IEI0DBAD01 2,087 Kjr Mm 3.768 780(7) Ac Producing oil well September 1952-Scptember
Murphy 8-D 1965. Temporally abandoned October 1965.

Convened to brine-injection well in Dakota 
Sandstone January 1973. Kecom pitted as 
brine-injcciioit welt in Judith Raver Formation 
January 1973. Injectionisics: average«7.lG0 
BWPD; maximum = 8.400 BWPD. Injccdoa 

pressures: sva age s 650 PSI: maximum ® 700 
PSI. Wats-qualxly tmJytu available (table 6).
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Table 2. Records ol known brino-injoction wells in th« East Poplar oil Hold. Hon Pock Indian Ro&urvntkm. nonhoasiom 
Montana (Contlnuodj

Site number 
and wed name 

(pinto 1)

Altitude 
of tsnd 
auilace 

(leal)

Geologic 
unit 
Into 

which 
brine la 
Injected

Geologic 
unit 

that la
aouree
ol (ho 

br Ido

Orlllod
dopth
(levi)

V/ell
depth
(feet)

She
statu*

Remark*

2SN51E22BDBD0I
TXOSWO-l

1035 Kjr Mm 960 850 Ab Completed is brine-injection well Miy 19$). 
Abandoned June 1934.

23N51E22CBCB03 
Mesa l-W (Dietc 1)

1075 Kir Mm 993 993 Ab Completed u brine-injection well Inly 1970. 
Abandoned September 1934.

29N50E11CDCA0I 
Grace SWD l

2.246 Kd Mm 6.124 3.S25(?) Ab Producing oil well November 1953-Novcmbcr 
1974. Convened to brine-injecuon well March 
1977. Injection rate not known. Abandoned 
August 1990.

29N50E25DCDB01 
Murphy 46

2.106 Mm Mm 5.864 5.864 Ab Drilled as oil-test well September 1954 and 
abandoned as a dry hole. Convened to brine- 
injection well April 1956. Reported injection 
rule 2.302 UWpD, Abandonment date 
uncertain, but possibly August 1959.

29N51E07BCDH01 
Buck Elk 2

2.220 Kp Me 5.964 5333 Ab Apparently tint drilled as oil well and later 
converted to brine-injection well. Brine 
injected sporadically since December 1967. 
Injection rates: average ss 525 ElWPD; 
muimuiiio 1.500 BWPD. Injection pressures: 
average o 225 PS 1; maximum » <00 PSI. 
Abandoned January 1936. Warcr-quality 
analysis available (table 6).

29N51E07BDBD0I 
Buck Elk l-W

2.200 Kjr Mm 1.207 1.207 Ab Completed as brine-injection well February 
1961. Abandoned May 1963. Reported 
injection rate 600 BWPD ot 400 PSI. Water* 
quality analysis available (table 6).

29N51EOSDCCAOI 
Murphy (Empire
State) Smith 1

1CK5 Mm Mm 5.932 5.982 Ab
(see

remarks)

Producing oil well June 1953-Novcmbcr
1956. Temporarily abandoned December 1956. 
Converted to dual completion as btine- 
injection well and oil ueU August i960. Well 
docs nor appear to have been plugged as ot
1995. Appears not to have been used for long 
period of time.

29N5IEI6BACA0I 
Murphy (Empire
State) Rehdcr 7

2023 Mm Mm 5.770 5.750 Ab Producing oil well January 1955-August
1960. Converted to brinc-bjecibn well 
September i960. Abandonment date not 
known,

29NS1EJ6DDDBOI 
Murphy (Owens-

2.015’ Mm Mm 5.850 5.780 Ab Producing oil well June 1955-Oeu>l<r 1959. 
Shut-in November 1959. Converted to brine-

Suncxtt I) injection well October I960. Abandonment 

due not known.

Hydrologic data (or Ota Eos! Poplar oil tiald. Fort Pack Indian Reservation, northeastern Montana

Tublo 2. Records ol known brine-injoctirm walls in tha East Poplar oil field. l:0't Pock Indian Rosorvatton, nonheasiotn 
Montana (Continued)

Site number 
and well name 

(plate t)

Attitude 
ol land
suitaco

(lout)

Coologlc
unit
into

which 
brine I* 
Injected

Geologic
unit

thatis
source
of the 
brine

Drilled
depth
(feet)

Well
depth
(loci)

She
statu*

Remarks

29N5IE19DDBAGI
Murphy 5-D

2.039 Kd Mm 3383 3.583 Ac Completed as brine-injection well February
1976. Injection rales: averages 3.000 BWPD: 
maximum** 5,000 BWPD. Injection pressures: 
average » 300 PSI; maiimum = 650 PSI.
Water-qualify analysis available (tables 6 and
7).

29N5IE2SCCAC0I 
Murphy 29-D

2.105 K> Mm 5.375 Ab Apparently hist drilled as oil well September 
1953. l-atei (possibly April 1981) convened to 
brine-injection well. Abandoned October 1937. 
Injection rates: average 3.225 BWPD; 
maximum =4.725 RWPD. Injection pressures: 
average = 600 PSI; maximum « 650 PSI.

29N5IE30DDDD01 
Murphy l-D

2.005 Kd Min 3.465 3.431 Ac Completed as brine-injection well September 
1957. Injection rates: average » 4.JOO BWPD; 
maximum ** 7.500 8 WPD. Injection 
pressures: average o 650 PSI; maximum a
I.6C0 PSI. Water-quality analysis available 
(tables 6 and 7).

29N51E33BBABOI 
Murphy 6-D

2.110 " ** " Ab
(see

temarks)

Abandonment duic nut known. Vatimi* surface 
structures still at site. Not known if well is 
plugged.
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Table 3. Lithologic logs and completion details loi monitoring wells dtillod in 1992*93 in Quaternary alluvial and glacial
deposits in the East Poplar oil field. Fort Pock Indian Reservation, northeastern Montana

|Welt nunc, * dcki-ulaulftciiiim cyflctn uiaJ fur amt reference <o weth pluicd ui piste t; rite number, numherinj tytlciD deunted in icu; citing. in feel 
t<|o» Untl u»n'*ct, cieept where • indicsiet feci ihuvt land tuiftce. Abbreviation!: fi. feet; In,, inches; PVC. polyvinylchloride)

Description Depth
(feet)

Well name: FPB92-1 

Location number: 29N5IE32BBBA03 

Geologic unit: Alluvial deposits 

Litholoev:

Sill, clayey, medium-gray 0-1

Gay. silty, medium-brownish gray I -8

Gravel of various sixes with some cobbles, ell of crystalline origin. Becomes somewhat 8-18
finer and better sorted at 17 ft Becomes more sandy and moist at I $ ft

Sand with fine gravel, water 18-30

Sand with much more gravel than in above interval 30-10

Coarse gravel, with some cobbles, sandy 40*51

Clay, light-gray (Bcarpaw Shale) 51 *53

Comokiiofl-deiails: 

Well completion:

2-in. PVC casing, with breather cap 12.7-38

2-in. PVC factory-slotted casing (0.032-in. slot size) 38-48

2-In. PVC casing, with end cap for sediment trap 48-53

Finish:

Bentonite grout 0.5-31

Natural cuttings and silica sand pack ' 31-53

Surface completion:

6-in. steel protective casing +2.7-1.3

2x2-ft cement pad 0-0.5

Remarks: Weil drilled using auger method: completed on August 24. 1992. Site geologist. S.D. Craigg. Drilled as 
replacement well for older, abandoned USGS well W-13 (Levings. 1984) to obtain follow-up water-level and water- 
quality data.

30 Hydrologic del* lor the East Poplar oil listd, Pori Pack Indian Reservation, northeastern Montana

DepthDescription (Jee|)

Well name: FPU92-2A 

Location number: 29N51E32BABB01 

Grolovic unit: Alluvial deposits 

Liilwlftty:
Sand, light-brown ^2

Gravel of various sizes, wjih some rnoisi sand 2-10

Gravel, overall coarser than in above interval, with some cobbles and moist sand 10-20

Sand, wet 20-25

Sand, with various-si/cd grovels, becoming coarser toward bottom of interval 25-42

Clay, light-gray (Bcarpaw Shale) 42-46

Well completion:

2-in. PVC casing, with breather cap +1.7-31

2-in. PVC factory-slotted casing (0.032-in. slot size) 31-4)

2-in. PVC casing, with end cap for sediment trap 41 *46

Finish:
Bentonite grout 0.5-6

Natural cuttings 

Surface completion:

6-in. steel protective casing, with locking cover +1.7-2.3

2*2-ft cement pad 0-0J

Remarks: Well drilled using auger method: completed on August 25.1992. Site geologist. S.D. Craigg. The purpose of 
this site is to provide a deep well and a shallow well in alluvial deposits to measure vertical differences in water quality 
and density. This is the deeper of two wells at this site: well FPB92-2B is the shallow well.

Table 3. Lithologic logs and completion details lor monitoring wolls drillod In 1992*93 in Quaternary alluvial and glacial
deposits in the East Poplar oil field. Fort Peek Indian Reservation, northeastern Montana (Continued)
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TjiIjIu 3. Lithologic logs nnd completion details lo* monitoring walls dtiliod in 1992-93 in Quaternary alluvial and glacial Tublo 3. Lidtclogtc tog* and cnmplmion details lor monitoring walte drillad in 1992-93 in Quaterna^ alluvial and glacial
duposti* m ttio l=osi Poplar oil Hold. Fort Pock Indian Oouorvoiion. nonhoaoium Montana (Continued) doporuis in iha East Popinr oil Hold. Fon Pack Indian PoBorvation. noithoasiom Montana (Continuad)

Description Depth
(feet)

Descriplion Depth
(loot)

Well name: FPB92-2B 

i-orrmon number: 29N5IE32BABB02 

Geologic unit: Alluvial deposits 

l.idtoloc’v:

No simples described. Sec description of well FPU92-2A for lithology of this hole.

Completion details;

Well completion:

2-in, PVC casing, with lit gather cap *2,0-12

2*in. PVC I’jictOfy-sloucd casing (0,032-in. slot size) 12-22

2-in. PVC casing, wtih cad cap for sediment nap 22-27

Finish;

Bentonite grout 0.5-5

Natural cuttings 5-27

Surface completion:

6-»n. steel protective casing, with locking cover *-2.0-2.0

2*2-ft cement pad 0-0.5

Remarks: Well drilled using auger method: completed on September 23. 1992. Site geologist. S.D. Ciaigg. Well 
FPB92-2B drilled 10 ft north of well FPR92-2A to determine vertical differences in water quality and density. Well had 
to be abandoned on August 8, 1993 because of extensive bulldozing for gravel deposits to within about 20 ft of the site, 
and also because "sur'gc'block" and extension rods (for developing monitoring wells) was stuck m die well and was 
impossible to temove.

Well name: FPR92-3 

I-oration number: 29N5IE32BAAD01 

Geologic unit: Alluvial deposits 

Lithology:

Silt and sand, brown

Gravel of various sizes

Gravel with some sand

Siinri, wet. with possibly some line gravel

Probably smite as above interval, but change in drilling character

Cloy, light-gray (Bcar|taw Shale)

Well completion:

2-in. PVC casing, with bicatliei cap

2-in. PVC factory-slotted casing (0.032-in. slot size)

2-in. PVC casing, with end cap for sediment trap 

Finish;

Bentonite grout 

Natural cuttings 

Surface completion:

6-in. steel protective casing 

2x2-ft cement pad

O-i

4-3

8-14

14-32

32-35

35-39

4-1.7.24
24-34

34-39

03-7

7-39

•►I.7-2.3 

0-0.5

Remarks: Well drilled using auger method: completed on August 26. 1992. Site geologist. S.D. Craigg.

33 Hydrologic Uota for (!>• dust Poplar oil llalU, Port Pack Indian llaaarvaiion, northaaatarn Montana
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Tublo 3. Lithologic logs and completion details for monitoring wells drillod in 1992*93 in Quaternary alluvial and glacial 
deposits in tho East Poplar oil held. Fori Peck Indian Reservation, northuastem Montana (Continued)

Tablu 3. Lithologic toga and completion details lor monitoring welts driliod in 1992-93 in Quoiornnry alluvial and glacial 
deposits in the East Poplur oil held. Fort Pock Indian Rosorvation. northoastoin Montana (Continued)

Description Depth
fleet)

Description
Depth
(feel)

Well name: FPB92-4 Well name: FPB92-5

LOfiimnum^'r** 29N51E32ABAC01 Location number: 29NSIE32ACCA0I

Crroloi’ic unit: Alluvial deposits Geologic unit: Alluvial deposits

Lilhfilovv: . LitholtM'v:

Sill and sand, medium-brown 0-3 Silt and sand, medium-dark brown 0-1

Fine sand, lighi-biown 3-7 Sand, fine, light-brown 1-7

Fine sand, light-brown. with minor gravel 7-13 Gravel of various sizes 7-8

Gravel of various sizes, with some sand 13-20 Sand, brown, wot 8-15

Same os above, but with some cobbles, moist 20-25 Gravel with some minor cobbles and .sand 15-18

Clay, silly, gray, moist, with some sand and fine gravel 25-30 Sand 18-26

Clay galls, dark-gray. moist, with some sand end fine gravel

Clay, sandy and silty, drilling very difficult (unreruin whether material is clay-rich 
alluvial or glacial deposits, or Bcarpaw Shale)

30-35

35-45

Clay, light-gray (uncertain whether material is clay-rich alluvial or glacial deposits, or
Bearpaw Shale)

26-30

Comoleiron details: Wet! completion:

Well completion: 2-in. PVC casing, with breather cap + 1.7-15

2-in. PVC casing, with breather cap +2.0-16 2-in. PVC factory-slotted casing (0.032-in. slot size) 15-25

2-in. PVC factory-slotted casing (0.032-in. slot she) 16-26 2-in. PVC casing, with end cap for sediment trap 25-30

2-in. PVC casing, with end cap for sediment imps 26-41 Finish:

Finish: Bentonite grout 0.5-1!

Bentonite grout 0.5-11 Silica sand pack 11-25

Natural cuttings and silica sand pack INI * Natural cuttings 25-30

Surface completion: Surface completion:

6-in. steel protective casing, with locking cover 1-2.0-2.0 6-in. steel protective casing, with locking cover + 1.7-2.3

2*2-0 cement pad 0-0.5 2*2-ft cement pad 0-0.5

Remarks: Well drilled using auger method: completed on August 26.1992. Site geologist. S.D. Craigg. 
bouom.

Hole caved 4 ft ot
Remarts: Well drilled using auger method: completed on August 26.1992. Site geologist. S.D. Craigg.

34 Hydrologic dolo lor (h« Eost Poplar oil liald, Fori Pack Indian Ratarvallon, norlhaaslarn Montana TABLE 3 35
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« . . DepthDescription ((eel)

Well name: FPB92-6 

location number; 29N5IE31ABDOOI 

firolocic unit: Alluvial deposits 

Lithology:

Silt, clayey, light- to dark •brown 0-5

Clay galls, silty, medium-brown, slightly moist 5*10

Clay with very minor silt, medium-brown, barely inoist 10-11

Gravels of various sizes, sandy cobbles at base of interval 11-30

Same as above interval, but no cobbles present 30*35

Sand, fine, silty 35-44

Clay, light-gray (Betupaw Shulc) 44-48

Completion details:

Well completion:

2-iu. PVC casing, with breather cap +2.5-28

2-tn. PVC factory-slotted casing (0.032-in. slot size) 28-38

2-tn. PVC casing, with end cap for sediment trap 38-43

Finish:

Bentonite grout 0.5-15

Silica sand pack 15-28

Natural cuttings 28-43

Surface completion:

6-in. steel protective casing +2.5-1.5

2x2-ft cement pad 0-0.5

Remarks; Well drilled using nugcr method; completed on August 27. 1992. Site geologist. S.D. Craigg.

Tablfi 3. Lithologic logs and completion details tor monitoring weds diitlod in 1992-93 in Quaternary alluvial and glacial
deposits in me East Poplar oil liuld. Fort Pock Indian Reservation. northeastern Montana (Continued)

aft Hydiologic data lor tn« East Poplor oil fl*ld, Fort P*ck Indian R*i«rvatlon, north««it*rn Montam

Tabid 3. lithologic logs and comploinn dotails tor monitoring walls dritlod in 1992*93 in Ouaternary alluvial and glacial
deposits in the East Poplar oil Hold. Fori Pock Indian Reservation, nonhaostorn Montana (Continued)

Description
Depth
(feet)

Well name: FPB92-7

Incminn number 29N5IE3IDBADOI -
Geologic unit: Alluvial deposits

Lithotaev:

Sand. fine, silty, light-brown 0-6

Gravel of various sizes, with minor cobbles 6-20

Sand, fine-medium, very wet (like "quicksand") 20-33

Clay, lighi-groy (Bcurpaw Shale) 33-38

Cflmnlainn.dguiils:
Well completion:

2-in. PVC easing, with breather cap + 1.9-23

2-in. PVC factory-slotted casing (0.032*in. slot size) 23-33

2-in. PVC casing, with end cap for sediment trap 33-37

Finish:

Bentonite grout 0.5-7

Silica Kind pack 7-8

Natural cuttings 8-37

Surface completion:

6-in. steel protective casing + 1.9-2.1

2a2-1i cement pad 0-0.5

Remarks: Well drilled using auger method: completed on August 28. 1992. Site geologist. S.D. Craigg.
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Toblo 3. Lithologic logs and completion details lot monttoiing welts chilled in 1392*93 in Quaternary alluvial and glacial
doposiis in tho East Poplar oil field. Fom Peck Indian Roson/tnion, nonhoaciern Montana (Continued)

Description Depth
fleet)

Well name: FPB92-8

Location number: 29N5IE31DBODDI

Genfovtc unit: Alluvial dcfXJSiis

l.iiholoev:

Sill, light-brown 0-2

Gravel of various sizes, but mostly in the liner range 2-8

Sami, with possibly minor gravel toward base of interval 8-18

Gravel, very well sorted 18-32

Clay, light-gray (Bcorpaw Shale) 32-33

Well complciion:

2*in. PVC casing, with breather tap +2.1-19

2-in. PVC facioiy-sloucrt casing (0.(132-in. slot si/c) 19-29

2-in, PVC cosing, with end cap for sediment trap

Finish:

29-33

Bentonite grout 0.5-12

Silica sand pack 12-13

Natural cuttings

Surface completion:

13-33

6-in. steel protective casing, with locking cover *2.1-1.9

2a24i cement pad 0-0.5

Remarks: Well drilled using auger method; completed on August 23. 1992. Site geologist. S.D. Craigg.

30 Hydrologic dot* tor tho 6«*t Poplar oil field, Fort Pock tndlun nasarvatign, norlhaastam Montani

Toblo 3. Lithologic logs end completion details lor monitoring walla drillad in 1992*93 in Quaternary alluvial and glacial
deposits in the East Poplui oil lietd. Fort Peck Indian Reservation, rtoMhonstutn Montana (Continued)

Description
Depili
(led)

Well nging: FPB92-9

Location number 29NSIE3ICABBOI -

Geolcvic unit: Alluvial deposits

Liihnhwv;

Sill, light-brown 0-0.5

Gravel of various sizes, with minor cobbles 0.5-1

Sand, medium-brown 1-3

Sand with finer gravel, moist at approximately 8 ft 3-8

Sand, very wet (like '‘quicksand") 8-28

Clay, light-gray (Beurpnw Shale) 28-33

Completion detail!;:

Well completion:

2-in. PVC casing, with btcaihcr cap -.2.1-18

2-in. PVC factory-slotted casing (0.032-in. slot size) 18-23

2-in. PVC casing, with end cap for sediment trap 28-33

Finish:

Bentonite grout 0.5-7

Silica sand pack 7-8

Natural cuttings 8-33

Surface completion:

6-In. steel protective casing, with locking cover +2.1-1.9

2»2-fi cement pad 0-0.5

Remarks: Well drilled using auger method: completed on August 29.1992. Site geologist. S.D. Craigg
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Table 3. Lithologic logs and comptotwn details for monitoring wolls drilled in 1092-93 in Quaternary alluvial and glacial
deposits in the East Poplar oil Hold. Fort Pock Indian Hosorvation. nonhoastom Montana (Continuod)

Description Deplh
(feet)

Well name: FPB92-IO

a: 29N5IE3IBDBAOI

Alluvial deposits

LitholQuv:

Cby. dark-gray (bedded, clayey alluvium from upland erosion of Bcorpuw Shale outcrop 
about 0.5 mi west of site)

Cby. brown, silty

Cby. dark-gray to brown, slightly silty: slightly moist at approximately 11 ft 

Gravel of various sizes

Sand, very silly and clayey, medium- to dark-brown: very wet and sticky 

Sand. fine, clayey, dark-gray, very moist 

Cby. dark-gray (Ucarpaw Shale)

0-5

5-3

8-15

15-21

21-30

30-33

33-40

Well completion:

2-in. PVC cosing, with breather cap *2.2-20
2*in. PVC faciory-sloucd casing (0.032-in. slot size) 20-30
2-in. PVC casing, with end cap for sediment trap 30-40

Finish;

Bentonite grout 0.5-10
Silica sarul pack 10-28
Natural culling* 28-JO

Surface completion:

6-in. steel protective casing, with locking cover +2.2-I.S
2x2-ft cement pad 0-0.5

Remarks: Well drilled using auger method: completed on August 30. 1992. Site geologist, S.D. Craigg.

*0 Hydiofoek U.t. I Of th* E«*t PopUf oil Fori Peek IndUn H.s.rv.Uon, ruwth**»<*rn MonUn.

Tablo 3. Lithologic logs and completion details lor monitoring wells drilled in 1992*93 in Quaternary alluvial and glacial
deposits in the East Poplar oil liatd. Fort Pock Indian Reservation, northeastern Montana (Continued)

Description

Well name: FPB92-II

2*>N51E32BCCA02

Ocotoytc unit: Alluvial deposits

l.itliolunv-

Sili. light-brown

Gravel of various sizes, fairly well sorted: minor cobbles 

Sand, with minor finer gravel 

Rcarpaw Slulc 

Completion-details:

Well completion:

2-in. PVC casing, with breather cap

2-in. PVC factory-slotted casing (0.032-in. slot size)

2-in. PVC casing, with end cap for sediment trap 

Finish:

Bentonite grout 

Silica sand pack 

Natural cuttings 

Surface completion:

6-in. steel protective casing, with locking cover 

2*2-0 cement pad

Depth
(leet)

0-5

5-25

25-41

41-45

*2.2-30

30-40

40-45

0.5-4 

4-10

10-45

+2.2-1.8

0-0.5

Remarks: Well drilled using auger method: completed on August 30. 1992. Site geologist. S.D. Craigg.
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Tablo 3. Uthotogic lo9s onc* completion details lo< monitoring wolls drilled in 1092-93 in Oimtarnory alluvial and glacial
deposits in the East Poplar oil field. Fori Peck Indian Reservation, northeastern Montana (Continued)

Description

Well name: FPB92-12 

| rv^inn rmmhcn 28N5IE22BBBB0I 

Oolopic unit: Glacial deposits 

Lithology:

Silt, sandy, medium-brown

Cby. silty, medtum-brown; encountered a large boulder at 33 ft; from 34-48 ft. becomes 
more moist: from 48-62 ft. becomes very tight and difficult to drill

Sand(?); drilling much easier and bit cuts like it is moving through sand, presumably water 
bearing

Drilling very difficult; decided to complete well; brought up bit for sample (sample was a 
gray clay); could not continue augcring

Comnteiion details:

Weil completion:

2-in. PVC casing, with bicathcr cap

2-in. PVC factory-slotted casing (0,032-in. slot size)

2-in. PVC casing, with end cop for sediment trap 

Fmtsh:

Bentonite grout 

Silica sand pack 

Surface completion:

6-in. steel protective casing, with locking cover 

2.\2-0 cement pail

Depth
(loci)

0-5

5-62

62-65

65-68

>2.5-33

33-63

63-68

0.5-12

12-68

♦2J-I.5

0-0.5

Remarks: Well drilled icing auger method; completed September I. 1992. Site geologist, S.D. Craigg. Originally called 
the interval beginning at 65 ft Bcarpaw Shale but later decided (after coring the same material in well FPB92-I8) that the 
material probably is light glacial clay or. possibly, the Spmlc Silt of Pleistocene age.

42 Hydrologic data lor th* Eftst Poplar oil tj,id. Fort Pack Indian Rtwrva'ion. noflhaa»Um Uonum

Tablo 3. I.iihulogic logs and completion details lor moniioring wolls drilled in 1992-93 in Quaternary alluvial and glacial
deposits in tho East Poplar oil hold. Fort Fecit Indian Reservation, ncmheasiern Montana (Continued)

Description
Depth
(feet)

Well name: FPB92-13

[■pennon number: 29N51E20DABB0I

fienlocic unit: Alluvial deposits

Lithology:

Clay, brown, silty, compact 0-4

Clay, light-brown in upper pan. dark-brown in lower pari, wet 4-12

Gravel of various sizes, with some cobbles 12-20

Sand. fine, saturated. Tried coring, no return 20-37

Sand and grovel, imerbedded. with some cby layers: sand fine* io medium-grained, dark- 
gray. Cored from 44-47 ft with excellent return; also cored interval from 47-52 ft

37-47

Sand, well sorted, medium-groined, gray 47-51

Grovel and cby. sandy 51-52

Cby (Bearpaw Shale) 52,56

Well completion:

2*in. PVC casing, with breather cap +2.1-42

2-in. PVC faaory-sloucd casing (0.032-in. slot si/xj 42-52

2-in. PVC casing, with end cap for sediment imp

Finish:

No data

52-56

* Surface completion:

6-in. steel protective casing, with locking cover +2.1-15

2x2-0 cement pad o-o.s

Remarks: Well drilled using auger method; completed on September 18. 1992. Site geologist. M.R. Cannon.

TABLE 3 43
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Tobto 3. Lhhobgtc togs and completion details lor monitoring woQa dri~od in 1992*93 in Quaternary aCuvial and glacial
deposes tn the East Poplar cd held. Fort Peck Indian Reservation. oorthoastorn Montane (Continued)

Table 3. Ldhologtc logs and completion details lot momtoring weRs drilled in 1992*93 in Quaternary aOuvul and glacial
deposes in me East Poplar od field. Fort PecV Indian Reservation, northeastern Montana (Continued)

Description Depth
(loot) Description Ocplh

(Icoi)

Well mime: FPB92-I4 Wg!( Pilfijc: FPB92-IS

locution number. 29N5IE2IABDAOI | Locution number. 29N51E09ABBAOI

Cicahiiduam: Alluvial deposits
J
^ Oolopic unit: Alluvial deposits

Liiililiiigy:Uihiiloi:*

Sill. fight-biown, dry 0*3 Sand, very fine-grained, silly, light-brown 0-2

Clay ami silt. hrown 3-10 Gravel of various sizes, sandy. light*brown. moist below 7 ft 2-12

Gravel of various sizes. clayey, wet cobbles ai 16*17 ft 10-20 Grovel of various sizes, sandy, some cobbles up to 3.3 in In diameter 12-16

Sand and grovel. clayey. gray, saturated 20-22 Sand, fine- to medium-groined, gravelly, saturated, poor return from auger 16-38

Clay (Bcarpaw Shale), highly fractured. Cored fiom 28-33 ft. with full return; bentonite 
layer ai 32 ft: a few small fossil shells in core: ealeite filling in some of ihe larger 
fractures.

22-33 Clay (Beorpaw Shale)

Ccmnlcitautamis

38-42

Completion deimls Well completion:

Well enmplciion: 2-in. PVC casing, with breather cop .2 0-20

2*in PVC casing. w»ih breather cap .2.0-15 2-in. PVC factory-slotted casing (0.032-in. slot size) 20-35

2 in. PVC factory-slotted casing (0.032-in. slot size) 15-25 2-in. PVC casing, with end cap for sediment trap 35-42

2*in. PVC Casing, with end cap for sediment trap 23-33 Finish:

Finish: Bentonite gtom 0.5-4

Uemonite grout 0.5-3 Natural cuttings 4.42

Natural cuttings end silica sand pack 3-33 Surface completion:

Surface completion: 6-in. steel protccuvc casing, with locking cover 42.0*2.0

6*ln. steel protective cosing (2.0-2.0 2A2-ft cement pad 0 0.5

2*2-ft cement pad 00.5
Remarks: Well drilled using auger method: completed on September 20. 1992. Site geologist. M.R. Cannon.

Remark*: Well drilled using auger method: completed on September 19. 1992. Site geologist. M.R. Cannon. The shallow 
depth ol the Ucarpaw Shale at this site evidently represents on anomalous high of some type, the reason Tor which is 
uncertain.

44 Mydiologlc U*t» ioi in* Can Poplar oil Geld, Fori Pock Indian Raatrvailon. northaaaiarn Montana taoie 3 43
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Tablo 3. Lithologic logs and completion details for monitoring woUs drilled in 1992-93 in Quaternary alluvial and glacial
deposits in the East Poplar oil field. Fori Peck Indian Reservation, northeastern Montana (Continued)

Description

WdLimmc: FPB92-M

Location number: 29N5IE09A0BA02

Geologic unit: Alluvial deposits

Liii&to

Sand, very finegrained, silty, light-brown

Gravel, sandy, coarsens downward (refer to log of well FPB92-15) 

Sand, fine- to medium-grained, gravelly 

Clay (Bearpaw Sluilc)

Weil completion:

3-in. PVC casing, with breather cap 

3-in. PVC factory-slotted casing (0.025-in. slot size) 

3-in. PVC casing, with end cap for sediment trap 

Finish:

No dam

Surface completion:

6-in. steel protective casing, with locking cover 

2a2-(i cement pud

Depth
(teei)

0-2

2-16

16-37

37-33

+2.2-18

18-33

33-38

+2.2-1.8

0-0.5

Remarks: Well drilled using auger method; completed on September 20. 1992. Site geologist. M.K. Cannon.

I

i

i

Table 3. Lithologic logs and completion details for monitonng wotls drilled in 1992-93 in Ousiornary alluvial and glacial
deposes m the East Poplar oil field. Fon Peck Indian Reservation, nonneastern Montana (Continued)

Description Depth
(toot)

Well name: FP892-17 

I oention number 29N5IE09ABBA03 

ficolt>yjc unit: Alluvial deposits

liiiMom:-

Sand, very fine-grained, silty, light-brown

Gravel of various sizes, sandy, coarsens downward, some cobbles up to 3.5 in. in diameter 

Sand, fine- to medium-grained, gray. gravelly 

Clay, silty, gray: cored entire interval, lull return

Well completion:

2-in. PVC casing, with breather cap 

2-in. PVC factory-slotted casing (0.032-m. slot Size) 

2-in. PVC easing, with end cap for sediment trap 

Finish:

No data

Surfiicc completion:

6-in. steel casing, with locking cover 

2x2-ft cement pad

0-2

2-20

20-28

28-42

+ 1.9-18 

18-28 

28-42

+ 1.9-2.1

0-0.5

Remarks: Well drilled using auger method: completed on September 2). 1992. Site geologist, M.R. Connon. The clay 
from 2S-42 ft is derived from the Bearpaw Shale, but is silty and has no structure: possibly deposited by water and tee 
reworking of the Bearpaw Shale.

46 Hyctfoloptc dots lor (ho Eosi Popter oil field. Fort Peek Indian Reservation, northeosUrn Montano TABLE 3 4V
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Table 3. Lithologic logs and completion details for monitoring wolls drilled in 1992-93 in Quaternary alluvial and glacial
deposits in the East Poplar oil field. Fort Peck Indian Reservation, northeastern Montana {Continued)

Description Depth
(feet)

Writ name: FPB92-I8

Location number. 28NSIE09DCCC0I

Geologic unit: Glacial deposits

Lilholoyv:

Sandy loam, brown 0-7

Glacial till (clay loam), mottled yellowish-brown from 7-8 ft, light brown below 8 ft. gray 
below about 36 ft. Some small pebbles and cobbles, moist. Cored from 38-41.5 ft, with 
full return; gray till with numerous pebbles. Drilled 58 ft on 09-21*92; harder drilling 
from 57-58 ft

7-58

Cored interval: excellent return. Till (dark-gray silty clay) with locally interspersed gravel 
panicles of various Sizes. Lower 6 in. of core water-yielding, very fine-grained gray

58-63

Sand, very fme-gralncd. gray, saturated; minor panicles of transported coal fragments 
present

63-68

Same as interval above, only a few gravels present 68-SO

Drilling characteristics indicate probable gravel bed 80-95

Gravel of various sizes coming up stuck onto sticky clay on auger sections. Drilling 
reached maximum limit of auger rig at 98 ft: still apparently m glacial till

ComalctiQiuhu&ils

Well completion:

95-98

2*in. PVC casing, with breather cap -1.9-68

2-in. PVC factory-slotted casing (fl.G32*in. .•dot size) 68-88

2-in. PVC casing, with end cap for sediment trap

Finish:

88-93

Bentonite grout U.5-10

Silica sand pack (natural cuttings at bottom)

Surface completion:

10*93

6*in. steel protective casing, with locking cover + 1.9-2.1

2*2 ft-ccmcm pad 0-0.5

Remarks: Well drilled using auger method; completed on September 22. 1992.-S.D. Craigg replaced M.R. Cannon as site 
geologist 09*22*92. Had planned to try to get to 115 ft with this hole, but the limit of the auger rig was reached at 93 ft. 
Did not reach the Bcarpaw Shale.

43 Hydrologic diu lor th* £s&l Poplar oil Uild, Fort P«ck India si Rticrvctlon, northmuin Montana

Table 3. Litnologic logs and completion details lor monitoring wells dulled in 1992*93 in Quaternary diluvial and glacial
deposits in the East Poplar oil held. Fort Pock Indian Reservation, northeastern Montana (Continued)

Description

Well name: FPB93-!

Location number 29N51H09ABBA0-1 

Ooloyie unit: Alluvial deposits 

Lithology:

Sand, silly, very fine-grained, light-brown 

Gravel and cobbles, coarsens downwards 

Sand and gravel, imerbedded

Clay/shale, gray. soft, smooth, sticky (Bcarpaw Shale)

Well completion:

4 -in. PVC casing, with breather cap 

4-in. PVC factory-slotted casing (0.025*in. slot size) 

4-in. PVC casing, with end cap for sediment trap 

Finish:

Bentonite grout

Natural gravel and silica sand pack 

Surface completion:

6-in. steel protective cusing. with locking cover 

2a2-I'i cement pad

Depth
(loot)

0-2

2-18

18-38

38-40

+2.2-8

8-33

33-36

0.5*6

6-40

+2.2-1.8

0*0.5

Remarks: Well drilled using mud rotary method: completed on June 22. I99J. Site geologist, M.R. Cannon. Drilled as 
pumped well for aquifer test in alluvial deposits (observation wells were FPB92-I5.16. and 17).
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Tablo 3. Ihhobgic logs and completion details lor monitoring weds drilled in 1992*93 in Ouatemary alluvial and glacial
doposiis in the East Poplar oil Held. Fort Pock Indian Reservation, nonhoaslern Moniana (Continued)

Description Depth
(loci)

Well name: FPB93-2

Locution number: 29N5IE32BBRA04

Geologic unit: Alluvial deposits

Llihnlogy:

Sand, brown 0-8

Gravel 8-10

Gravel, sandy 10-18

Gravel 18-23

Sand, dark-gray 23-30

Comnlciion dentils:

Well completion:

2-in. PVC cosing, with breather cap +2.5-18

2-in. PVC factory-slotted casing (0.032*in. slot she; no sediment trap) IS-27

Finish:

Natural cuttings 0.5-11

Bentonite grout 11-12

Natural cuttings 12-19

Silica wind pack 19-27

Surface completion:

6-in. steel protective casing, with locking cover +2.5-1.5

2x2-ft cement pad 0-0.5

Remarks: Well drilled using mud rotary method; completed on June 23. 1993. Site geologist. R.E. Davis.

SO Hydrologic data to* Dm East Poplar oil fltld. Fori Pack Indian Rismillcn, no/thaaalarn Montana

Tablo 3. 1/ahologc logs and completion details lor monitoring weds drilled <n 1992*93 in Ouatornary alluvial and glacial
deposits in tho East Poplar ost Iraki. Fort Pack Indian Reservation, northeastern Moniana (Continued)

Description

l.pcmion number: 2SN51E22CBCB0I 

Oil: Glacial deposits

l.iiholocv:

Clay loam and gravel, caramel-brown

Clay and gravel, mostly coarse to very coarse pebble gravel, caramel-brown 

Sand, fine-grained, caramel-brown

Grovel and sand, mostly line pebble gravel, caramcl-brown 

Sand and cobbles 

Sand and large cobbles

Shale, dark-gray, smooth, small pink calcareous pieces (Bearpaw Shale)

ComolcuoiLlciuiLs:
Well completion:

4-in. pvc casing, with breather cap

4-in. PVC factory-slotted cosing (0.025*in. slot size)

4-in. PVC casing, with end cap for sediment trap 

Finish:

Bentonite giout 

Natural cuttings 

Surface completion:

6*in. steel protective casing, with locking cover 

2x2-fi cement pod

Depth
(feet)

0-25

25-33

33-40

40-46

46-50

50-56

56-81

+1.6-52

52-57

57-81

0.5-44

44-81

+ 1.6-2.4 

0-0.5

Remarks: Well drilled using mud rotary method: completed on June 24. 1993. Site geologist. J.N. Thamke. The purpose 
of this site is to provide a deep well and a shallow well in glacial deposits to measure vertical differences in water quality 
and density. This well is the deeper of two wells at the site; well FPB93-3A is the shallow well.
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Table 3. Lithologic logs and completion dotails lor monitoring wads drilled in 1992-93 In Quaternary alluvial and glacial 
deposits in iho East PopJur oil field. Fori Peck Indian Reservation, northeastern Montana (Continued)

Table 3. Lithologic logs and completion dotails lor monitoring wolls driltod in >992*93 in Quaternary alluvial and glacial 
deposits in iho East Poplar oil field. Fon Pock Indian Reservation, nonnoostorn Montana (Continued)

--------------------------- —--------------------------------------------------------------------------------------- ----------------
i-' Dcscrlpilon ?i°P!?

fleet)
Depth

Description (|eel)

Well name: FPH93-3A Wgll name: FPB93-4A

fij Location number 28N51E22CUCB02 Location number. 28N51E33DDCC03

-i Ooloeic unii: Olncisil ilc|K>sits fjgpfo^tc unit: Wiota Gravel

.Litliokiny:
c
jA Clay and gravel, medium-sized pebbles, some sand 0-12

Clay and gravel, minor amounts of iron staining on clay: gravel more abundant than in 12*20
Interval above

Cby and gravel, mostly fine pebble gravel 20-26

Gravel, clay, and sand, block and brown; mostly coarse pebble gravel and fine sand 26*31

Sand and gravel, caramel-brown; mostly coarse pebble gravel 31*36

Gravel, very coarse pebble gravel 36-*6

Gravel and sand, mostly very coarse pebble gravel 46-51

CpfflgfciionikMails:

l.iihtiloitv:
. ft,")Topsoil v -

Gravel, medium-pebble size; some thin, sandy seams ^

Clay and gravel, silly, dark-brown; mostly fine to medium pebble gravel

Grovel ond cby 29-35

Clay, plastic; some granular iron concretions 35-39

Sand and clay, dark-brown 39-41

Gravel and sand.dark-btown. mostly fine pebble gravel, well rounded (Wiota Grovel) 41-61

Shale, steel-blue. hard, consolidated (Bcarpaw Shale) 61-70

Well completion;

4-in. PVC casing, with breather cap +LS-1I

4*in. PVC factory-slotted casing (0,025-in. slot size) 41 -46

4.in. PVC casing, with end cap for sediment trap 46-49

Finish;

Well completion:
4-in. PVC casing, with breather cap +1.7-40

4-in. PVC factory-slotted casing (0.025-in. slot sl/c) 40-60

4-in. PVC casinu. with end cap Tor sediment trap 60-65

Bentonite grout 0.5*37

Silica sand pack 37-51

Surface completion;

Finish:

Bentonite grout 0*5*31

Silica sand pack 31-54

Natural cuttings, gravel 54-70
6-in. siccl protective casing, with locking cover +1.8-2.2

2x2*fi cement pod 0*0.5
Surface completion:

6-in. steel protective casing, with locking cover +1.7-2.3

2a2-I'i cement pad
Remarks: Well drilled using mud rotary method; completed on June 25. 1993. Site geologist. J. N. Thatnkc. The puiposc 

of this site is to provide a deep well and a shallow well in glacial deposits to measure vertical differences in water quality 
and density. This well is the shallower of two wells at the site: well FPB93-3 is the deep well. Remarks; Wei! completed using mtul rotary method: completed on June 26. 1993. Site geologist. J.N. Thamke. Well 

drilled as an observation well for aquifer test in glacial deposits (the other observation well was FPB93-4C; die pumped 
well was FPB93-4B).

S2 Hydrologic dtto for thi E*it Poplar oil 0*ld, Fort PrCk Indian Rrttrvilton, northeastern UonUne TABLE 3 S3
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Table 3. Lithologic togs and completion details lor monitoring wads drilled in 1992-93 in Ouatornary alluvial and glacial 
deposits In iho East Poplar oil (told. Fort Peck Indian Reservation, nonhoastern Montana (Cominuod)

Description Deptb
(loci)

Well name; FPB93-1B

Lnentionnumber 2SN5IE33DDCC01

Onliw imii: Wloia Gravel

Liltfllffliy:

Topsoil 0*2

Gravel 2*6

Cby. morse small iron concretions 6-10

Clay and gravel, gray, haid: mealy fine pebble gravel 10-20

Cby and gravel. Silty. some small iron concretions 20-10

Sill, sandy 40-42

Gravel, mostly line pebble gravel, well rounded (Wiota Gravel) 12-62

Dcarpaw Shale 62-70

Well completion:

4.in PVC casing, with breather cap 4 1.9-40

4-in PVC factory-slotted casing (0.025*in. slot size: no sediment imp)

Finish*

10-65

Bentonite grout 0.5-33

Sdtci.ond pack

Surface completion:

33-70

6*m. steel protective casing, with locking cover ♦ L9-2,1

2j?*fi ccmcm pad 0-0.5

Remarks: Well drilled using mud rotary method: completed on June 27. 1993. Site geologist. I.?4. Thamke. Well drilled 
as the pumped well for aquifer test in glacial deposits (the observation wells were FPB93-IA and 40.

St Hydrologic d*u to* IJm Em Poplar oil (laid. Fort Pack Mtin Raaarvatlon, nonh*atl«rn Montana

Tablo 3. Lithologic logs nnd completion details lor monitoring walls drillod in 1992*93 in Ouorarnary alluvial and glacial
deposfls in iho East Poplar oil liokl. Fort Peck Indian Reservation, nonhonstorn Montana (Continued)

Description Depth
(tool)

well name: FPB93-4C

Location numfrei: 28N5IB33DDCC05

Ccolocicomii: Wiota Grjvcl

UOiQte:

Cby and gravel, gmy. hard: mostly fine pebble gravel 0-37

Cby and gravel, some iron concretions 37-39

Silt, sandy, brown, some uon colon thin, imerfccddcd gravel layer at 43 It 39-17

Gravel: ihtn. imerbedded sand seams 17-13

Wiota Gravel 18-61

Bearpaw Shale 61-67

Well completion:

4-in, PVC casing, with breather cap + 1.7-41

4-in. I’VC fuctoiy-slottcd casing (0.025-in. slot size) 41-61

4-in. 1‘VC casing, with end cap for sediment crap

Finish:

61-66

Bentonite grout OJ-37

Silica sand pack

Surface completion:

37-67

6*m. steel protective casing, w ith locking cover + 1.7-2.3

2+2-ft cement pad 0-05

Remarks: Well drilled using mud rotary method; completed on June 27.1993. Site geologist. J.N. Thamke. Well drilled 
as on observation well for aquifer test in glacial deposits (the other observation well was FPB93-4A; the pumped well 
was FKB93-1U).
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Toblo 3. Lithologic logs and completion details lot monitoring wolls (irlllod in 1992*93 in Quaternary aQuvioi and glacial
deposits tn tho East Poplar oil held. Fon Pack Indian Reservation, noflhoastom Montana (Continued)

I-. ooriiU ur nn jpflicaWt)

ToOlo 4. Data honi aquifer lest conducted tn Ouatarnary alluvial deposits on August 10. 1993 In the East Poplar oil field, Fon
Pock Indian Rosorvatkjn. noithossiorn Montana

Description

Well name; FPB93-5 

Location number: 28N51E09CDBBOI 

Geologic unit: filocbl deposits 

Lithofottv:

Clay and sand, light-brown

Clay and snnd. light-brown; small rock fragments

Cobble, black, large; granitic origin; contains garnet crystals

Clay and sand: minor amounts of fine pebble gravel

Cby. bruwn. sticky; minor amounts of well-rounded, fine pebble gravel

Clay. gray. hard, plastic; minor amounts of gravel with occasional cobbles

Gravel, dark-red and brown, well-rounded, coarse pebble gtavel; contains coal fragments

Gravel; coal fragments becoming more abundant: thin, sandy seam at 86 ft

Shale, steel-gray, shiny, hard, slippery (Bearpaw Shale)

Coninktion details:

Weil completion:

4.in. PVC cosing, with breather cap

4-in. PVC faciory-sloued casing (0.025-in. slot si it)

4-in. PVC casing, with end cap for sediment trap 

Hnish.

Bentonite grout

Natural cuttings and silica sand pack 

Surface completion;

6-in. steel protective casing, with locking cover 

2»2-fi cement (tad

Oopth
(toot)

0-5

5-12

12- 13

13- 20 

20-35 

35-61 

61-S0 

80*99 

99-106

►2.1-81 

81-101 

I0M04

0.5*12

12-104

♦ 2.I-I.9 

0-0.5

Remarks: Well drilled using mud rotary method: completed on June 28. 1993. Site geologist. J.N. Thamkc. The purpose 
of this well i5 lo help delineate e-ttem of saline.wutcr plume in glacial deposits.

Watt

Otacmuon .til nWMS

Time 
• !i«r

alarl of
leal

(minutaa)

Oopth lo 
water
beta*

measuring
potnl
(feet)

Oraw-
down
((*•')

Mealdual
diawdown 

(loot)

OCO 9.65 0(0
.25 10 15 JO
JO 1027 .62 -
.75 10 X .69 -

1.00 10.43 .73 -
1 25 IQ4S .13 **
1.50 1052 .17 -
175 I0JJ .19 -
2 CO Ittjo .91 -
2 25 1024 .94
2.50 ICL63 93 -
2 75 1063 .93
too 10 63 .9S -
JJ0 1064 .99 -
4(0 1066 101 -
4 SO 10 6a 1.03 -
500 IQ6S 103
6(0 1070 105 -
7(0 1071 1.06 ••
SOO 1072 107 -
9X0 1073 1.08 -

to 10 73 1.01
t2 10.73 I.OS -
14 1073 1.03 -
16 1073 1 OS -
IS 1073 I.OS -
:o 10*3 I.OS -
25 to;; 1 (ft -
70 I0_7t 1.09 -
35 t07f 109 -
40 107i 1.09 -
45 1071 1 09 -
50 1071 l« -
60 1074 10) -
70 10.74 1.09 -
SO 1014 109 ..
90 1074 109 -

too 10 74 1.07
120 1025 1.10
140 1073 1.10
160 1076 1.11 -
ISO 10 7$ 111 “
I SO .25 1023 „ OSS
ISO 50 1030 - .65
IS0.75 lOli - 50
III 00 1004 - .39
IS 1.25 9.94 .29
ISUO 9.9: - .27
■ 51.75 9.S7 - .21
IS200 9.S5 - .21
IS2.25 9.J4 .19

Remark*

W«0-ie«cl mutwtroenu by S.D. Cntf| (tnitid m*I 
And iwo meiuireinenu with ace! upc: other* «uh 
electric fine «nd iinl upe tnachcd). ftanped «!l 
rPtl<?3-1. Pump on •( 0350 hourl Dttdurgc held 
ccniuru *t 40 (ilion* pet m trait; for ISO minute* Well 
Iu:iki) 10.2 h north of pumped vtil FPB93-1.

ISimpAfl u IlSOhoun.

HetUiul <in»dem value* mawd dunng recovery,

56 Hydiologtc data lor tha East Poplar oil Gate. Fort Pack Indian Raaarvatlon, normaaitarn Montana TAUIE * **

MAR02-1407



Tablu 4. Ooia bom uquiler lost conducted in Quaternary alluvial deposits on August 18. 1993 in the East Poplar oil bald. Foil 
Pock Indian Rosorvotion, northeastern Montana {Continued)

1 Well

Obtcn.«uct -ell FPU92I5
(Continued)

Obicrv»tic*» '•ell I!I’IW2* Ift

Time 
oiler 

star! ol 
lest

(minutes)

Oepth to 
water 
below 

measuring 
point 
(leet)

Draw*
down
(feet)

Residue!
drawdown

((eel)

182 JO 9.83 .18
132.7} 9.81 - .16

moo 9.79 .14
18330 9.77 - .12
181,00 9.76 - .11
1(4,50 9.74 - .0?
l&S 9.74 - .09
IS6 9.TJ - .cs
187 9.72 .07
l&S 9 70 ~ .05
IS9 9.70 .05
190 9.70 - .05
192 969 .04
194 9 68 .03
19ft 9 68 .03
193 9.68 .03
200 9.68 .03
203 9.63 .03
210 9.63 .. .03
215 9 67 .02
220 9.67 - .02
225 9.67 - .02
230 9.67 _ .02
2-tO 9.66 .01
250 966 .01
1(L\ 9.65 .00

1.730 9.65 “ ,(X3

.00 9.80 flj
,20 10.23 .4} -
.45 10,51 .71
60 1062 1C
.78 10.71 .91

1.20 10.79 .9?
1,23 10.86 1(6 -
1,50 1090 110 -
1.73 10.9-t in -
1.91 10.98 us -
2.15 10.99 1.19 -
2.0 not 121
267 II 02 122 -
2 88 11.03 123 -
305 11.04 124 -
1 40 11.06 126 -
3.58 11.07 127 -
3.90 11.07 127 -
4.13 11.07 127 -
4.53 11.0? 12? -
4.S7 11.10 130 -
5.20 II.II 131 -
538 11.11 131 -
5.82 11.11 131 -
628 ll.ll 131 -
683 11.13 133 -
7.20 11.13 133 -

Remarks

Ended tell el I1IU hour* on OS.IB'VJ, lund meemremenl 
made 41 1400 hours on Auguti 19. 1943,

Water-level i»e*»urc>nenu by Etaite Kemiy (or Am .1(1 
mutmet, and by D.W. Uii^i end S.D. Cmijg iheiwftcr 
(initial end Anal tuu oici«urcme»tt with Heel ui|«; 
other* with elegiric line amt ncti upc uuched).
Pumped well FJ’IJ9J*I. Pump on at 0850 h<>irt. 
Discharge held comuni »t 40 gallon* per minute for 
ISO minute*. Wei) legated 8.1 fl north of pumped well 
FPD93-I.

59 Hydrologic dels lor (he Eesi Poplar oil Held, Fori Peck Indian Reservation, northeastern Montana

Table 4. Daia Irom aquifer tesi conducted in Quaternary alluvial doposiis cm August 18. 1993 in the East Poplar oil field. Fon
Pock Indian Reser/aiion. northeastern Montana (Continued)

Time
alter

Well start ol
tesi

(minutes)

Depth to 
water
below

measuring
point
(leet)

Draw*
down
(leet)

ObKivabn will FHWMO 7.78 11.13 133

(Ccnimued) 8.90 11.13 133

930 11.14 13*

10.92 11.15 135

11.90 11.15 135

13 IMS 135

14 11.15 135

15 IMS 135

16 IMS 135

17 IM5 135

18 11.16 136

19 11.16 136

20 11.16 136

23 11.16 136
25 11.16 136

30 11.15 135

35 11.16 136

40 11.16 136

45 11.17 137

50 IMS 133

fO IMS 138

70 IMS 138

SO 11.19 139

90 11.19 139

ICO 11.19 13.1

120 11.19 139
140 11.19 139

160 11.20 140
ISO 11,21 1.41

197 9.85
201 9.SS
206 9.34
211 9.B4
250 9,S3
240 9.SO

. 1.750 9.St

Obutvjiion well 14*1192*17 .00 9.71 0)
.25 9.30 07
JO 9.41 a>
.75 9.48 27

1.00 9J3 32
1.25 9JS J7
130 9 60 J)

1.75 963 .42
100 965 .44
2 25 968 .47
230 9.70 M

3.00 9.71 5)
3.50 9.73 33
4.00 9.75 54
450 976 35

Residual
drawdown Remarks

(ImI)

•• Ptonp off *t 1150 hour*.

.05 Rcliduil drawdown value* mesmred during recovery.

.05

.04

.04

.03
,G0 Endedtetm 1310 hour* on Augmi IS. 1993, Final
.01 mceitirctncni made at appropriately 1400 hour* m

Auguti 19, IWJ.

WtitT'Icvcl meaiurrmcnu by J.N. Thamkc fur firti 30 
— minute*, mil by D.W, Diirt and S.D. Craigg UieiaAct
.. (initial end final two mcaiurcmcnit with tin! Upe;
.. other* with ciccinc line end Heel tape attached).

Pumped WCUFPU93I. Pump on at 0850 hours.
Ditcharge held cwnunt u <0 gallon* per mtcuae for ISO 

„ minutei. Wdl located 72 fl tooth otpumped wet)
FPB93-1.
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Table 4. Oat a from aquifer losi conducted in Quaternary alluvia) deposits on August 18. 1993 in (he Hast Poplar oil field. Fort
Pock Indian Reservation. northeastern Montana (Continued)

Well

Observation well FPB92-17 
(Continued)

Tlmo
alter 

atari of
teat

(mlnulos)

Depth to 
waior
below

measuring
point
(*«')

Druw
down
(leal)

Residual
drawdown

(loot)
Remarks

5.00 9.76 J3
0.00 9.77 .56
7.00 9.78 .57
8,00 9.79 .58
9.00 9.80 J9

to 9.80 .59
12 9.81 .60 -

14 9.81 .60
16 9.81 .60
IS 9.81 .60 -

20 9.82 .61
25 9.82 .61
30 9.82 .61
36 982 .61 -

40 9.82 .61
47 9.83 .62
50 9.83 .62
60 9.84 .63
70 9.84 .61
so 9.84 .63
90 9.84 .63

ICO 9.84 .63 -

118 984 .63
140 9.85 64
160 9.85 .64
ISO 985 64 - Pump offal 1150 boors.

I80.2S 9.79 JS Residual drawdown values mtuur
160.50 9.70 .49
I807S 961 .40
181.00 9.54 J3
181.25 950 .29
181.50 9.47 .26
181.75 9.43 .22
182.00 9.41 .20
163.25 9J9 .18
182.50 9J7 .16
182.75 9J6 .15
183 00 9.35 .14
183 JO 9.34 .13
184 00 9.33 .12
184 JO 9J2 - .11
18$ 9JI .11
186 9.29 .08
187 9.28 xn
l&S 9.28 JQ1
189 9.28 .07
190 928 D7
192 9.27 ,06
194 9.26 M
196 9.26 05
198 9J6 - J>5
200 926 .05
205 926 .OS

60 Hydrologie date tor Dm East Poplar oil tiatd. Fori Pact) Indian Reservation, northaastern Montane

Table 4. Dala from aquifttr tusl conducted in Quatmnary alluvial deposits on August 18. 1993 in the £asl Poplar oil field. Fort 
Peck Indian Rosorvaiton. northuastern Montana (Continuod)

Walt

llmo
alter

•tart of
teat

(mlnutea)

Depth to 
walor
below

measuring
point
(tool)

Draw
down
(feel)

Residual
drawdown

(toet)
Remarks

Observuion »cll FP»yM7 2IU 925 .04
(Continued) 215

235
250

9.25
9.24

9.21

.(M
XI3
.03

Ended test It 1310 hours on August 18.1993. Final9.23 .02
1.750 9.23 .02 mcsturcmeni made at approiimaiely 1400 hw»s on

Au(usi 19. 1993.
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Table 5. Oata Irom aquilor losi conducted in Ouatornary glacial doposits on August J9. 1993 in lha £ast Poplar oil field. Port 
Peck Indian Rasorvaiion. northeastern Montana

(••.nodala urnot tpplicjMc)

Welt

lima 
allot 

star) ol 
lost

(minutes)

Oepth la 

water 
below 

measuring 
point 
(Imi)

Oraw- Residual 
down drawdown 
(led) (fact)

Remarks

ObservuioB well FPD93-4A 0.00 43.51 000 Vk'aier*le«c! measurement by S.D. Crugg (usual and Anal su
.23 43.51 ,00 muni remain with steel tape uhen >*ith electric line an! ucc) tape
JO 43.5) 00 attached). Pump on at 0830hours. Discharge held awium st I2J
.75 43JI .00 galliot per minute for 110 minuter. WcU IccauJ 7.1 ft uoxft of

1.00 43.51 Xf) - pumped well FPB93-48.
1.25 43,.57 06
1.50 4361 .10
1.75 43.65 .14
ICO 43.69 .18
2.25 43.72 .21
2.50 43.75 .24
2.73 43 75 ,24
3<*1 43.76 .15
3 50 43.77 .26
400 43.79 .25
4.50 43.80 .29
SCO 43 31 .30
6(0 433J JO
700 43.82 Jl
SCO 43.S3 31

9.03 43.84 J3
10 43 85 34
12 43.85 .31
M 43,86 .35
1ft 43.87 .36
18 43.87 .36
20 13.88 .37
25 43.89 .36
30 43.90 J9
35 43.61 .40
<0 43.91 .40
45 43.92 41
50 43.93 .42
60 4394 .43
70 43.95 .44
SO 43.97 .46
90 43.93 .47

ICO 43.99 .48
no 43.99 .43

110.15 43.96 0.4J Hcanlual drawdown values measured during recovery.
11030 43.91 .. .40
110.75 43,85 ~ .34
111.MI 43.80 .29
111,15 43.75 .24
111.50 43 72 - .21
111.75 43.71 - .20
112.25 43.71 .20
112 JO 4370 .19
112.75 4369 - .18
113 00 4369 - .18

62 Hydrologic data lor lha Eoil Poplar oil field. Pori Pack Indian Reservation, northeastern Montane

Tablo 5. Data Irom aqutfer issi conductod in Quaternary glacial deposits on Atrgusl 19. 1993 in the East Poplar od field. Fort 
Pock Indian Reservation, northeastern Montana (Continued)

(

I

Well

Qbicntuon well FPB93*4A 
(Continued)

hMitpedudl ITBW-4H

Ttme 
altar 

start ol 
icsl

(mlnutoa)

Depth to 
water 
below 

measuring 
point 
(leot)

Draw* Residual 
down drowdown 
(teei) (leot)

113.50 43.69 „ .18
114.00 43 68 - 17

11450 4)67 - .16
II5.CO 43.67 - .16
116 43,(6 - .IS
117 43.63 - .14

ns 4365 - .14

119 43.64 - .13
120 43.63 ~ .12
122 43.63 - .12

124 0.63 - .12

126 43.62 .11

128 43.62 - .it
130 43.62 - .11

135 43.61 .10

140 43.61 - .10

US 43.(0 - X/)
150 43.59 - .03

155 43.59 - 03

no 43 56 - .05
170 43.56 - M
ISO 43.52 - ill
190 4JJ2 - J) 1
2C0 13.52 - 01

210 41.52 - .01
1.290 43.50 ~ r.01

.CO 43.88 .00 „
2.45 50.62 6.7*1
4(0 31.16 7.28

SCO 51.33 7.45 -
6 CO 51.38 7 JO
7 CO 51.41 7J3 -
800 3150 7.62 -
9.CO 31 56 7.68 -

10 31.56 7 63 -
13 51.60 7.72 -
14 51.66 7.78 -
16 51 71 7.83 -
IS 51.73 7.S7 -
20 51.77 7.89 -
25 51.90 5.02 *-
30 51.98 8.ID -
40 52, C6 8.13
46 52.06 fl.lfl -
52 52.15 8.27 -
61 32.22 8Jl
70 52.19 8.31 -
81 52.2S 8.41)
90 52.26 5J3

100 52 29 8.41 -
110 52.28 8.40

Romarks

Ended tetiai 1200 hounen August 19.1993. Foul rocaturemeni m»de 
si spfirounutdy 0600 hours on August 20.1993. final measurement 
0 01 It above initial Ufltic water level.

WaicHcvcl measurements by D.W. Briar (intrial and final three meat* 
uicmcMi with steel upr.; others with electric line and steel u^k 
attached). Pump on si 0330 hours. Discharge held centum at 12,3 g*l* 
Joni per minute lor 110 minutes.

Pump oil as 1020 hours.

TABLE S 63
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Table 5. Data from aquifer lest conductor! tn Quaternary glacial deposits on Augusi 19, 1993 in the East Poplar oil field. Fort
Pock Indian Reservation, northeastern Montano (Continued)

Time
alter

Wall slur lot
lost

(mlnuius)

Oepih to 
walar
below

moimttlng
point
(tool)

Draw
down
(loci)

Residual
drawdown

(tact)
Remarks

PUmpot well H'nTJ-JH 1*21 45.04 1.16 Begin water-level incssureincnii by S O. Craigj*. Ended resi at 1200
(Continued) 140 41,92 .01 huuis un Augutl 19. 1993. Final mcaiurrmoit made *1 approximately

165 43.88 .00 0600 hijun cxi August 20, 1993. finil muuamsiiO.02 fl above
1.290 43.86 ,02 initial italic water level,

O&aervatiwi well FPtW3-*C 01 43 17 .00 Waucltvtl measurement! by F.A. Bailey (initial ttvl fioil two meat*
.25 - irrontoti wuh ncet upe; wJiat with electric tine and tied upe
.SO - lUMhd) Pumpon at 0830boun. Ditdurtc lidd cooium it 113 pl>
.75 - - lou pet minute lot 110 minute ». W*U UcauaJ 29.5 ft oonb of pumped

1.00 well FPB9J-JB.
1.23 - „I.SO _
1.7J 4) 89 .02
2.C0 43 90 .03 -
2.2S 43 92 .05
2.50 43.93 .06 -
2.75 41.94 ,07
3.CO 13.95 .08 -
3.30 43,96 .09
4.00 43.97 .10 _
4.30 43,98 .11
3,01 0 99 .12 -

6 CO 44CO .13 -
7.01 44 01 .14 ..
80) 44 02 .15 -
9 CO 44 03 .16 -

10 4X03 .16 ~

12 44 04 .17 -

<4 44 05 .18
16 4405 .18 -

IS 44 06 .19 -
20 44.06 .19 _
23 44(J7 .20
30 44,08 .21
33 44 O') .22
40 44 10 .23 -
45 •14.10 .23
31 44 II ,24
60 44 12 .25 -
70 44 13 .26 -
£0 44.14 .27 _
90 44,15 .28 -

too 44 10 .29 -
no 44.(6 .29 “

110.23 44 16 .29 Residual drawdown values measured during recovery.
1I0.S0 44.16 .29
11075 44.IJ .. .28
II I CO 44.15 .28
111.23 44.13 26
111.30 44.12 _ .25
111.75 44,11 .24
112.00 44.08 2\

64 Hydiologfcc dots to/ tno East Poplar oil field, Pori Pack Indian Reservation, northeastern Montana

1

Tables. Data (tom aquilor tost conducted in Quaternary glacial deposits on August t9. 1993 in the East Poplar od field. Fon 
Peck Indian Reservation, northoastom Montana (Continued)

Well

Tint*
• Her 

slurlyl 
lust

(lllliujlos)

Depth to 
water
below

measuring
poini
(led)

Draw*
down
(feel)

Residual
drawdown

(loot)
Remarks

Observation well F1‘G93«4C II 1.1s 14.03 - .21

(Giniinued) 11150 4107 ~ .20
112.75 44,06 -

IIJ.C0 44.05 - .18
113.30 44.05 - .18
114 03 44.04 - .17
114.50 44 03 - .16
115 44.03 - .16
116 44 02 - .15
117 44 01 - .14
IIS 44.01 - .14
119 44.01 - 14
120 41.00 - .13
122 44.00 - .1)
121 0.99 .12
126 43.99 - .12
123 43.99 .12
130 43.94 .11
135 43.97 .10
U0 43.97 .10 Begin water-level measurement! by S.D.Ciaigg.
U5 43.96 .09
150 4395 - .08
153 43.95 .08
160 43.95 - .08
170 43.93 06
ISO 43.93 - .06
190 43 94 - .05
203 43.94 - .05
210 43.59 .02 Ended teal at l2D0boun 01 August 19,1993. Fcn»l meaturemcm made

1.290 43.8$ * 02 at approximately 0600beam on August 20.1993. Final meaturtmeni
0.02 ft above initial static water b'-d.
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Hydiologic data tor the East Poplat oil (laid, Foil Pock Indian Reservation, noitheastoin Montana

Table 6 Physical proporiios ond major*ion concentrations in woiet snmpi03 collected from privately ownod woli*. monitofing 
walls oil walls, ana biino-tnjociion wells in the East Poplar o«l liokJ, Fort Peck Indian Rosorvation. northoastom Montana

Site nunthcr«*Mtimi)cunjj system described in lo.u.

Geologic unit (in which well is completed: for brine-injection wells, intlicatcs unit that is the source of the brine)-

Qal - Alluvium (Quaternary)
Qi - Glacial nil (Pleistocene)
Qgo - Glacial ouiwash (Pleistocene)
Qw - Wiota Gravel (Pleistocene)
Kb - Bcaipaw Shale (Upper Cretaceous)
Kjt - ludith River Fotmaiion (Upper Cretaceous)
Mh * Heath Formation (Upper Mississippian)
Mk - Kibbey Formation (Upper Mississippian)
Mm - Madison Group (Mississippian)

Me - Charles Formation of Madison Gioiip 
Mine * Mission Canyon Limestone of Mtulison Gtotip 

Du • N'isku Formation (Upper Devonian)

Depth of well-in feel below lattd surface.
Consiiiucnis arc dissolved, except as indicated.

Collecting agency and analyzing laboratory:

ASCHM. Asuo-CItem Service Laboratory.
CIINO. Chen-Northern, Inc.,
ELAB. Energy Laboratories. Inc..
IHS, Public Health Service/Indian Hcaltft Servicc-Fon Peek Service Unit.
MBMG. Montana Bureau of Mines and Geology.
MDHES. Montana Department of Health and Environmental Sciences. Water Quality Bureau.

NALCO. Nalco Cheniicul Company.
PETIIO. Petroliie Oil Field Chemicals Group.
USGS. U.S. Geological Survey.
YSB, Yapuncich, Sanderson, and Brown Laboratories, currently Eneigy Laboratories. Inc.

Abbreviations: pS/cm. mictosiemcns per centimeter at 25 dcgtccs Celsius; °C. dcgtecs Celsius: g/mL. grams pet milliliter. 

mg/L. milligrams per liter. Symbols: <. less than; no dtna.

TABLE 6
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fjbl# 6, Physical pmpanies and major-ton ccncem/aibns in wator samplos coilactad from privately ownud woOs. 
monitoring wells, oil wafls. and brine-injection wails in iho East Poplar oJ lioW. Fort Pack Indian Reservaiun. norihoasiom 
Montana (Continued)

Slla Mumbai Gaologtc
unit

Depth oi 
woll 

(ieet)

Collect
ing

■goncy

Analy
zing

•goncy

Oslo
sample

colluctod

Sped lie 
conduct

ance,
Ontlto

(pB/cm)

pH,
onstle
(stan
dard

units)

Watar
iMiptf-
aluia,
onalta
(-C)

Oon- 
• Ity 

(g/mL
al

20°C)

Maid
n««i,
total

(mg/i,
• •

C*COi)

Calcium,
dU-

totvod
(mg/L
a* C«)

2SNJIE0IHBRR01 Oi 153 uses uses 07-2I-S2 2.SM u 12.0 . I.ICO 110
USGS uses 07-2091 3.930 6.7 12.0 1.700 170

IINJlUCaACDDOl1 Mm SM - <?>-14-64 173,000 8.1 _ 2 SCO 970
ZJIWlEOJBCACOl Mh.Mm JX75 NaIjCO V»!JW - '5.9 _ 920
2SN5IECHCCCDOI O SO uses uses 02-25-90 2.650 12 100 _ 410 69
2BN3IEMADDaOI Q»l 52 uses uses 02-23-90 'J.050 7.7 11.0 _ 2.10 49
28.V3IE0SCCBB01 Qd 22 CHXO M 08*28 'urn ‘7A „ _ 410 99
2IN5IE03OODBOI <* 102 uses uses 02.25-90 2.120 7.1 10.0 _ 230) <00
28S3IEC9BCBB01 o 90 uses uses 07-17-91 2.610 7X ISO 380 61
2IN3IEC9CCOOOI Qi 117 Cl (NO 044)7.19 '2,010 *7.3 .. 540 100

~ ClfNO 08-1619 '3420 *7X - _ 5*70 100
uses uses 07.1991 'i.teo 12 114 _ 650 120

28N3IK0CDBBO1 o lOt uses uses 403 I2 9) 11X00 69 11.0 1035 4.<G) 170
* USGS uses -0J.II.91 !8J(0 69 IIO 1X05 4.700 890

2IN5IE09DCCCOI <s 93 uses uses OS-13-93 I.4D) 7.4 too 550 120
2IN3lE(Ot>ADCOI McJ5o 7JXO _ XaLCO Ql-2«2i ‘51 _ _ 1.6(0
IIMIEIOOBaDQI Mm 7MC) uses uses 07.24.19 •iK-COO 6.4 200 _ 3.CCO 950

- NAI.CO ’12-1149 - *5.1 _ _ I.C00
• USGS uses 08-29-90 H7jOCO *7.0 61J 2300 7 tO

UXMElZCCBOai Mm *3.910-5.920 uses USGS 12 09-54 - _ 3200 ixoo2JN5IBUCCCA0J O 33 uses uses 02.22.90 3.KO 7.4 11.0 1,700 240
28N3IBI3CCCC0I o 150 uses uses 01-22.90 3.0(0 12 12.0 .. 810 110
28S5lEl6DliCH0l o 101 uses uses 0/.2J-I9 10,0(0 12 100 2^00 520

uses uses 07-21.91 17.700 12 13.5 _ 3.600 TOOItNSlBllAnnCQI Q»» % USGS uses 01-26.90 7,OCX) 7 2 u.o .. 1.900 350
28SJIBI7AIUM301 Oi 40 uses uses *02.26.90 8,60) 12 10.0 _ 2300

USGS uses *08-26.90 S./Xl) 7.2 100 _ 2300
28N5i8I7aDADO» o 130 uses uses 07.16.91 5^80 12 10.5 _ 1J0O 240
23N3I EITDaOaOI O 102 rsa 0200-75 ‘l.OiO '12

_ _ 180 )4
uses uses 02-254} 4.400 7.4 I0J _ 900 160

28X51E2IBO8C0) O 91 uses uses 01.2643 5420 7.4 too _ 1.700 3)0
21X5IEZ2BBBBOI O 61 uses uses 07-2443 3j050 7.3 HO 1071 130) 280
22X51E22BDCA0I Me 5,272 aSCHM *01.1011 'iwoco *12

„ 4X03
2IS5IE22C8CBOI o $1 uses uses 07.21-91 91^*0 66 184) 1.0*6 4.ICO 13(0
21X51E22CBC6Q2 o 49 USGS uses 07.20*93 97 4ft) 6.5 190 1045 4300 1300
2IN5IEZ2COCCOI o 85 - ELAB 07-0)15 *4.010 *7.1 _ 1.90) 300

uses uses 07-20R 13,000 68 IIB _ 5,600 920
uses uses 07.2091 764<0 63 123 9.203 ixxo2SN5I(T25aCBC01 MV ‘jjso-uto uses uses 01-09-67 73.200 7.1 _ 2.400 110

Me uses uses Ol-Ul-ftf I60/j00 6J _ 3300 1,000
2SX5II37ABAA0I O 135 ASCHM *1011.19 1IJ to *8.2 - _ 280 44

- ASCHM *11 09-19 *IJ» *7.6 - - 570 95
EUB 1215.29 '1.740 *73 - _ 3(0 32

uses uses *02.24.90 1,120 7.2 173 _ 400 71
uses uses *02-24.90 1,120 7.2 173 _ 410 72
uses uses 09.1691 - _ _
uses uses 04.1542 1X50 7.2 7.0 .997 330 1928N5IEZ7ACD801 Mh *4.9*0-4.970 uses uses 01-24.56 _ 64 _ 1.044 43C0 1.400

2SN5IE27BOOBOI Q» 68 ~ ELAB 05 23-21 '.1.4TO '7.6 .. _ I3C0 250
“ CTINO 11-21-88 '15.400 '6.7 - - 73CO 1330

M Hydrologic to* Ow East PopUi ciJ fltld. Fort Pact hdlsn ^starvation. ncrinststarn Montana

Magne
sium, 
dis

solved 
(mg/L 
■ • ***g)

Sodium.
dls-

•otvad
(mg/L

‘lliil)

Sodium 
ad- 

sot p- 
tlon 
ratio

Potas
sium,
dls-

solved 
(mg/L as

K)

Alka
linity,
onalta
(mg/L

aa
CmCOj)

Sullala,
dis

solved
(mg/L 

aa SOJ

CMo- 
tlda, 
dis

solved 
(mg/L 
• • Cl)

Ftuo- 
lida, 
dis

solved 
(mg/L 
•a F)

Bromlda, 
dl»- 

• Olvad 
(mg/L a a 

BO

Iodide, 
dls- 

s otvad
(mg/L 
as 1)

Dis
solved 
•odd s, 

computed 
(m»n.)

Site numbii

2(0 310 4 4.1 *8S6 590 29 0.4 - 1.900 28N$lE0l8BBB0l

4.6 893 1.100 36 ,4 03« 0034 2X40
735)00 590 SCO 170 2^00 IIO.COO - - - 190,0)0 2IN51EO2ACDB0I

*JM> 510 ux*0 - - 146AX) 28N5IEO3BCAC0I

434 230 420 .2 .77 .023 1,480 28N5IED4CCCD0I
436 230 2(0 .2 .16 .020 1X20 2BNJ1EOSA ODaOI

*395 390 32 X - - 1X70 2SNSIEB8CCBB01

15 286 MO 2.8CO .2 1.4 .2(0 4.950 28NS1E08DDDB01

7.2 461 ICO 430 .4 .25 .031 1X50 28N3IEO50C0D01

450 1 9 l3tt 210 670 .2 - - ' 1.720 2&N51E09CCDD01

460 8 9 *359 190 690 .7 - - 1.7*0
76 373 210 780 J .30 .029 1.950

590 2.000 13 70 269 340 6X0) .2 .67 J60 10X00 28N5IE09COBB01

13 19 269 300 6. ICO 2 .60 JfiO taico
1.4 '367 340 25 .4 - - 856 28N51E09DOCCDI

'210 1X20 78.000 _ - - 130X100 28H51EIOOADCOI

DAO 310 500 *IS3 1X00 (O.CO) 36 12 .880 103 .(CO 2IK5IEIQOBAD01

360 43X00 47 *360 840 69.CO - - - II4.CC0
36.COO 330 470 'IC4 1,900 67.000 13 16 1.1 99X00

„
*196 2X00 170.000 _ - - 201X00 21H5IEI2CCBD0I

IB 610 210 200 .43 .012 2.420 Z&N3IEI3CCCAOI

8.1 iXttO 820 20 .13 .057 2.190 I8N3IEI3CCCC01

8 16 307 490 3.IC0 .77 .049 5,810 28N3IEI6O8CB0I
9 18 3C9 580 3.700 1.0 .061 7,070

304 230 2.300 <.1 ,61 .130 4.100 7&NS1E17AQDOOI

1.000 9 17 282 250 3.IHXI <.4 1.6 .190 5.280 28N3lE>7AiinOOl
17 287 250 3.I0O <, 1 1.7 .210 5.370

7 9.9 320 390 1.400 X .59 .076 3.050 2SN5IBI7ADAD0I

220 7 *3S0 180 64 .4 - - 757 28N5IEI7DADA0I

530 8 8.7 342 150 1,1(0 .2 J7 S368 2X00
590 6 12 314 330 1.7(0 .2 .46 XM8 3X90 28N51E2IBDBCDI

ICO |] «5 I.5CO 15 A .19 .007 2.470 28H5IEZ2SSBB0I

2AXCO 97 2,300 50.0(0 - - - IJ.400 78H51EZZBDCAOI

320 20XC0 130 290 539 1X00 35.0 0 - 6.0 .440 58.780 286*51E22CBCB01

22X00 140 280 571 1^0 J8X*:o 5.9 .440 63X03 ZU.'31EZ2CSCB0Z

270 410 J *952 1.700 (A - - - 3X70 28275IE22CDCC0I

790 no 5 15 713 1.400 4.1(0 .2 3X xco 8X40
20 708 1.600 7.900 2 4 8 210 15X00

85 22X00 2CO 650 7367 U03 35.WO - - - 60.8(0 28K5IE2JACBOOI

480 500 *310 \MO 98.0(0 - - 164.000
220 6 a '395 ISO 160 - - 856 2BKSIE27aBAA01

80 335 6 8 380 24 - - - l.*43
54 320 0 it '788 230 II 2 - ~ 1.110

54 100 2 4.9 530 81 II .4 .01 X06 671

55 110 2 4 6 530 80 II X .04 XW7 684

_ 200 _ _ V - - - ~
200 61 *750 220 22 ,4 aio .016 1.100

*350 1.400 36.1X0 - 61.403 28N31E27 aCDOOI

240 370 * 6 '753 1X00 85 - - - 2.930 28H5IE27BQ8B0I

i.ieo 970 5 20 *.99 1X00 5X0) 2 - 10,100

TABLE 8 6«
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Table 6. Physical proportios and major-ion concentrations in wntur oamplos coOectad trom pnvaioly ownod waits, 
monitoring wolte, oit wolts. and brino-injecibn wells in iho East Poplar oil Hold. Fort PocK Indian Rosorvaibn, northoasiorn 
Montana (Continuod)

Slta number
Gaoioglc

unit

Depth ol 
well 

(teelj

Collect
ing

agency

Anaty-
dog

agency

Data
aampla

Collaclad

Spacific 
conduct- 

anca,
onatia

(jiS/cm)

pH.
onatia
(itin-
dard
unit*)

Wn«r 
lam par- 
atura. 
onatia
(■C)

Oan-
ally

(gtmL
at

20 *C)

Hard
naaa,
total

tmoO.
• a

CaCOj)

Calcium,
dla-

aolvad
(mg(L
aaCa)

2IN’$IE27RMB0I A SCUM 0.M0-S9 „ _ liCO
(CwidrumJ) uses uses 07-74-B9 23X0 68 10 5 11.000 i.aco

uses uses 08 27-90 •18.000 6 5 11.5 - 16.000 2.80)
uses uses (1I.H91 '52.7a) 5.8 7.0 _ 16.000 2,900
uses uses (13 08.71 51.400 *6.7 llJ _ 16,000 2.900
uses uses *(17.22*91 63.000 6.) too - 16.000 2.900
uses uses *07*22-91 63.00) 63 100 - 16.000 3.cro
uses uses <M-|j*92 50.000 6.5 11.0 1 033 14.CO) 2, SCO
uses uses 07.23-93 81.5(0 66 10.5 1 0J1 12.00) 2.800

28X51E298ACA0I Q*i SO uses uses 01-17.93 2.090 7.5 103 .991 <60 U
28N3IE29CACOOI Qat 32 USGS uses 08 23-90 690 7.8 UJ .. 2M 46
28X51E330BBB0I o 120 ~ OISO 0)17-19 *1.670 '7.4 _ 660 120

uses uses 0S 24 9O 2.670 7.1 iio 7M 140
21X5IE33BBBOQ Q» I2D ms OIXO (D-16^9 '2.480 '7.4

_ _ J70 ICO
2BNSIE33DDCCD3 O- 65 uses uses 01-17-9) 3.820 7.4 too 1 coo 990 180
2BNS2EI&ACCA0I Mmc *6.020-6.050 uses USGS 05.t7.32 (O.COO 7.4 _ IOO 2.800 890
21X52 E3DBBBB0I 0- ICO MBMG MBMG 1006-83 1.780 *7J too „ 390 74
28N32E20CCCC0I Qw I2S uses uses 08>2l-9O 2^40 7.8 130 _ 150 25
28N57E30DDDIXH 0- 170 MBMG MIIM0 10-03.15 2.930 10 10.0 120 25
29X3ll;07BCDB0l Me 3.9)3 XAI.CO 07 06-79 '7.0

.. 4,4(0
29X31EC7BDBD0I Mm 1.207 h’Al.CO 02 03.87 ~ *6.4

.. _ 4.800
29N3IEOSCCCAOI Me 5.970 0i.24.se 62.203 6.5 • 1.039 4.100 1.200
29N5H;09aBBa04 Q*t 36 uses uses 08*1693 ' 1.260 7.7 9.0 .997 1(0 33
29N3lEtOCf)Anoi 0* to IMS EL AH 03-14.85 *1,940 ‘7.6

_ 380 9)
29XJIEI0CD8A0I O 90 uses uses 07>21-82 U60 7.4 9.0 340 87
29N5IEJ3CaCaOI 0»i 62 uses uses 0/.I9.9I 1.710 7.3 11.3 .. 430 85
29X3IEI&BOAAOI 0*» 53 uses uses 07-20.91 i.S50 8.1 103 .. 27 61
29X51EI6C0CCDI o.» 25 MDHES MDHES 07 23-79 *1.610 '8.0 - 260 47

uses uses 07-2642 900 7.9 90 _ 150 30
29MIEI6CCAAOI 0*1 23 useS uses 07 20 *3 1.140 7.7 9.5 160 27

uses uses *07-184)1 US) 76 113 160 27
uses uses *07.13.91 U20 7.6 115 1(0 27

?9N3IE16DaCa0i Od 25 - A SCUM 'ijh> *7.7 350 10
uses uses 08-23-90 7.5 16.5 330 72

29X5IEI7CCCOH Q»lor Kb 87 MDHES MDHES 07-23-79 *17)70 *7.5 170 40
uses uses 07.37.82 'iijm 7 .* 9.5 3.ICO TOO
uses uses 07-2249 9.5(0 7.4 10.5 2>:o (CO

29X5IEI9DCAC0I Kjr 740 USGS uses 07.27.82 17/00 7.6 _ 300 91
'WNJIEI9D08A0I Mid 3453 uses uses 07 22 82 1)0X0 64 _ 4/.'0 IXO

- XALCO 17-11.89 - •ss • _ _ 2/>:o29X31 Em\BDA0Q 0*1 44 MDIIES MDHES 07 2).79 *7 JO) *7 4
- 1.800 )40

uses uses 07.26.82 *7.430 IS _ _ IjfrCO 290
29X51E3WCOB0I Mm 5.773 _ YSD •OJ-OI *76 *62J£0 *7.9 ICO
29X31E20CCOR0I Atm J.7S0 YSB ■OJOI.76 '62JCO *7.7

_ 840
29X31E20OAB00I 0*1 56 uses uses 08.13*93 14.200 IS _ 1.003 2.900 5C0
29N5IG21AHCC01 Q-t 12 MDHES MDHES 07.23*79 *IJ70 'so 190 38

uses uses 07.20-82 I.2CO 7.6 9.5 _ 180 36
uses uses 07-18-91 u?o 7.4 IQJ _ 2<0 47

29N3IE2IAMOAOI Q.I 33 USGS uses 08.13-9.1 1.5C0 7.S I0J .998 170 28
29X5lt-21UflAA01 0*1 17 MDHES MDHES 07-23-79 *3.070 7.3 - - 2J0 39

70 HyOrotoQit C»t» tor Ow Enl Poji*i oU Odd, Fort Pack Indian R* »»rvarton, nortftaasuro UonOni

Uagna-
ahim. 
dl»' 

aolved 
(mg/l 
•» Mg)

I. 300 
1.(0) 
2X0 
2.W0 
2JC0

J. CCO 
2.100 
l .SCO 

IJCO
J7
36

S7

too
73 

!30 

130 

SO 
20 
IS 

I .SOI 
1.400 

300 

IS 
36 

30 

S2 
2.8 

13 

ts

22
36
3»
17

VO
270

IB

20)
ISO
240
220
160
170
410

24

22
29
24
32

Sodium,
dli-

tolvad

(mg/L
*• «a)

I’CO
1,700
5.4(0
6.900
8,20)
9.0CO
9.200

11.000

HJDOO
290

47

3B0
40)

uo
610

*18.000

330
320
800

2B.CC0
22.COO

*20,000
230
)3H
110
210
330
730
130
220
210
200
213
220
130

1.4(0

1.300
3.9CO

3J.CCO
42X0

790
890

17.000
19.(0)
2.000

220
220
240
290

330

Sodium
ad-

•orp-
don
ratio

Pota a* 
alum, 
dla- 

aolvad 
(mgTL a*

K)

Alka
linity, 
on aha 
(mg/L

aa
CaCOj)

Sullala, 
dla- 

aolvad 
(mgIL 

at SO*)

Ohio*
rlda,
dla.

aolvad
(mgrt.
• a Cl)

Fhio-
rlda.
dla-

aolvad
(mg/L
i.F)

Bromlda,
dla*

aolvad 
(mg/L at 

Br)

lodtda.
dla- 

aolvad 
(mgA. 
aa 1)

Ol.-
aolvad
•oUda,

computad
(mgTL)

19 !5I6 950 6.700 « - 12.300

310 uco 9.7(0 cl 5.8 066 16.400

404 1.00 21.GCO cl 8.7 .150 32.800
‘449 ecu 22.000 5.1 96 <.110 35.500
*446 1.4(0 23.000 8.2 9,2 .092 40.100
466 1.200 xi.oai 1.9 8.1 .071 38.500

49 416 1300 23.003 1.9 9,0 .074 41 .coo
*416 1 .SCO 29 .CO) 32 9.6 ,087 46.800

J7 511 IJCO 32.CCO - 7.4 .110 51.9CO

3)9 ISO 330 4 .13 016 1.170

1 5.2 254
>«M

47
810

7J
47

.4
J

CU0 002 427
1.810

6 &< UO
'558

1.000
770

40
>4

3 1 6 .190 2,120
l.TCO

775 IJCO 62 S .18 Mi 2X0
*:u 2.4(0 23.KO - - ~ sooco

'738 MO 15 2 - - 1.3)0

4 J 810 4(0 20 .5 .060 .029 1X0
4 *IJ0S 3 £0 34 .7 - -

*152 810 54.0(0 - « - ssxo

*3o0 7(0 46,o:o - ** -

119 120 33.000 - -
443 210 87 .4 .050 ,oor 787

3 590 It - - 1.070

36 '338 280 9.4 - 809
2&S 610 88 ,4 .070 014

1 9 SSI 97 ItO .7 48 .470
*319 120 230 - ”

5 3.S *1» 94 34 s - -

4.1 '473 1(0 18 4 - ~

4.3 <6! 200 13 4 .070 ,C05 772

<61 190 t) 4 WO .025 750
*33) itO 16 ~ - 1330

40 334 4)0 13 s XX) 008 1.020
64 240 - - - 530

*214 IXO 3X» .1 - - 7.210

348 1.4(0 3jK0 .1 3.3 CHS

to *198 <50 6JCO A - - 10.(00

212 550 *76 1X0 61X0 4 4 - - 97X0

220 *440 740 68X0 - - -
*254 230 2XO - **

II *213 2(0 2XO .2 - -
MS - IXO 27X0 ** - -

1X0 30X0 - - -

16 35 '332 170 4XO .4 36 30) 7.960
7 *454 ISO 34 - - “

*474 160 30 ,4 *•

554 250 32 .4 .12 ,IW) 952

3.1 568 t90 15 .5 .030 .013 916

13 *312 180 630 ** **

Sit* numbu

28X3IE77BBO0O1
(Continued))

28N5IE79BACA0I
2BN3IE29CACD0I
2SK31E31DDQQOI

21K5IE13B8BCU2 
21223IE3300CC03 
28N57EUACCA0I 
Z8K57E20BBDB01 
287*52 E2GCCCC0I 
2SN52EWDDOOOI 
29X51E07BCOBO1 
29NJIE07BDBDOI 
29N3IE0SCCCA0I 
79NSlE09Alll)AOi 
29X5IHIOCDAHOI
29N51 QiGCDBaOI 
29N31EI3CACAOI 
79N3lEl6BI)AA0l 
29NSIEI6CHCCOI

29N3IEI6CCAA0I

29N5IEI6OACA0I 

29X51EI7CCCC0I

29N31EI9DOCOI
29KSIEI9ODBA0I

29N31E20AKDA(U

29X51 E7CBCnn0l 
29X51E20CCDD0I 
29«3lK2cnAnBOI 
29X5IB2IAHCOOI

29N5lS2IAlH)Al)l
29N3IC21H11AA0I



Table 6. Physical properties and major-ion concentrations in water samples collected Irom privately owned wells, 
monitoring wells, oil wolls. and b»ino*injoction wolls in the East Poplar oil field, Port PecV Indian Reservation, norih'oastorn 
Montana (Continued)

Site number Gooloyto
unit

Depth ol 
wott 

(loot)

Collect*
Ing

agency

Analy
zing

agency

Oate
aornplo

collected

Spocllic
conduct-

once,
omiftir

(pS/cm)

pH.
onatie
(stan
dard
units)

Water
tamper-
Blure,
onsite
t°C)

Den
sity

(g/mL
Bl

20°C)

Hard

total
(mg/I.

as
CoCOj)

Colcluni, 
dis

solved 
(mg/I. 
as Ca)

29N51G2IBBAA0I uses uses 07-26-32 3.10) 7.5 39
(Continued) use s uses 07-22-S9 4.600 7.7 8.5 _ 35

29N5IE29CBIIUDI Q.I •15 uses uses 11-03-82 10.000 6.9 10.0 _*?9N5IE30DDD00I Mm 3.4:il uses MONKS 07-23-79 1500.000 - - OOO uoouses uses 07*22-82 170.000 66 _ 6.000 2.000
RETRO II -29-89 *67

„ 8.800 3JOO
29X51E31 AABDOI Qal 5'» uses uses 11-03-82 17.000 7.1 too 2.500 670

uses uses 07-23-89 13.500 8.1 too 3.400 790
29N5IE3I AllOOOl Ort 43 uses uses 08-1093 15,100 70 u.s LOCK 3.0C0 700
29N5IE3IBDBA0I Osl 40 uses uses 08-10-93 3.9CO 6 9 16.5 1.002 2J2CO 520
29N3IE3ICABBOI Qal 33 uses uses 09*11*93 24JCO 69 13 0 1X09 3J00 91079N5IG3IDBADOI 0*1 37 uses uses 03-11 *93 '26J00 7.1 11.0 1.029 1.300
29N5IE3ID8DDOI Q.I 33 uses uses 08-12-93 31.300 7.2 9J 1.010 2.000 4 5029XSIEJ2ABAO01 Q*i 41 uses uses 08*13-93 25.600 7.0 165
29N5IEJ2ACCA0I Qsl 30 uses USGS 08-14-93 18.600 7.5 24 0 1X04 650 160
29X5IE328AADOI Qi« 39 uses uses 03-14-93 35.400 7J 12.0 1X>12 2X03
29X5IE320ABBOI 0»i 40 uses uses 07-26-93 102.000 69 17.0 1.051 13.000
29N5IE32BBAA0I 0*» 42 uses uses 11-02-82 70.CCO 68 110 4.700
29N51E32BBBA03 0.1 47 uses uses 11-02-32 58.CCO 67 I0J 4.700 1.400
29N3IEJ2BDDAO) 0»l 33 uses uses 07-23*93 I27.KO 6.7 11.0 1.060 11.000 3JCO29X51E3288B ACM 0*1 27 uses uses 407-23*93 12.300 7.5 110 1.004 670 170

uses uses *07-25-93 I2JCO 7J 110 1 003 630 160
29X51E32BB0R0I Qal 49 uses uses 11-03*32 120.0*0 66 25.0 „ 7.800 2500

uses uses 07*23-89 633X0 67 16.0 5X00 1500
29N 51E32BCCAOI Q.t 40 uses USGS It 02 82 70.000 68 100 16.000 4.100
29X51EJ2BCCAQ2 Qal 43 uses uses 08-11-9.1 41.700 7J 120 1.015
29N3IEJ6CCCC0I _op* 30 MltMG MBMG 1003-83 6S8 '7.5 too 270 40

laboratory measurement.
Brinc-injcction well completed in Judith River Inkmuiiut. 
Due wulytcd.
Replicate Analyses.
Depth o/ samjijc interval: wcU depth unavaitahlc.
Sodium plus pouiiium.
Onsite fi*cd-cndp»ini titration.
Brine-injection well completed in Dakota Sandstone.

72 Hydrologic dsla lor tfts East Poplar oil field, Fort Peek Indian Reservation, nortntssttrn Montane

Magrtfr
slum, 
dis

solved 
(rng/L 
at Mg)

Sodium.
dis- 

solved 
(mg/L 
as Ha)

Sodium
ad

sorp
tion
ratio

Potas
sium, 
dis

solved 
(my-'L as 

K)

Alka
linity,
onsite
(mg/L

as
CaCOj)

Sullale,
dis

solved 
(mg/L 

us SO.)

Chlo
ride, 
dis

solved 
(mg/L 
as Cl)

Fluo
ride, 
dis

solved 
(mg/L 
as F)

Btomldo, 
dis

solved 
(mg/L as 

Bi)

Iodide,
dis

solved
(rng/L
oil)

Dis
solved
solids,

cotnpulod
(mg/L)

Site number

30 $10 IS 6! '3a 190 620 .4 1,610 2SW5IGI[MAaO|

4*2 170 1.100 .3 1.2 .110 2.630 (Continued)
12 '246 630 3.4U) .1 .. - 6.250 29N51U29CBBB01

1-tCl 70.000 457 'NO 1.700 1IO.COO ~ 29N5IE30DODDO1

250 36.000 314 9l0 *153 1.21.0 IOO.CCO 46 161.000
37.000 170 _ 'ISO 1.400 62 .COO IOJ.OOO
4.10) 33 20 *395 i.oro 7JCO .2 - 13.600 29N5IG3IAAQUOI

15 334 740 4i«) .1 3.7 .150 8.860
18 308 640 4.60) .5 1.6 .ISO 8.400 29N5IE3I ABDDOl

263 980 2.100 1.0 X>24 4,960 29N*51E31BDBaOI
330 630 7.700 6 066 .i50 I3.7C0 29X31 S3 ICBaBOI

5 900 73 34 388 560 9.100 .7 1.3 430 I6JC0 79N5IE3IOBADOI

62 29 296 490 IO.CO) .7 074 .380 ts.oco 29X51E3ID8DD01

42 *212 320 8JOO .5 - - 13.900 29N5IE32ARACOI
32 428 290 5.800 1.6 1.1 .130 I0.4C0 29X51 G2aCaC0I

69 57 453 710 12.000 8 1.4 .270 20.6C0 29X51E32BaaD01

340 279 1 jro 35.000 8.7 .650 46.1(0 29X51EJ2BABU0I

160 250 '245 $•10 <-1 - - 69.903 29X51D2BBAA01

120 S9 '301 «ro 34.0M <.1 - - S5.8CO 29X51E32BBBA02
217 720 5S.OCO _ 4J IJ 91.100 29X51E32BRBA03

SS 2i200 37 15 449 sto 3.2CO .7 1.7 .710 6.450 29X51 E32nB(lAOl

53 13 449 500 3,1(0 .5 1.8 .210 6JI0

43.003 210 ISO * 172 I.1CO 67.0CO <J - 114.(00 29X51E32BHBB01
S3 323 7/0 30.0CO .1 9.2 1.1 SO.COO

£0 97 ‘126 J40 46.0CO c.l - - 75.100 29X5IE32BCCAOI
407 530 14.000 .8 1.4 .270 24.300 29X51E32RCCA02

-to 60 4 5 *296 83 IJ .6 435 29N5IIDhCCCC0l

table 6 n
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74 Hydrologic diu lor (h« Em Poplar oti Said, Fort Pock Indian Reservation, nortfiuilem Montana

Site number-numbering system described in ical

Geologic unit (in which well is completed: for brincrinjcction wells, indicates unit that is the source of the brine)—

Tabio 7. Trnco-olo/noni and otganiCM:arbon concentrations and siablo-isoiope ratios in water samplos colloaod Irom privately
ownod wutls. monitoring walls, and brino-injaction wells in mo East Poplar oil Held. Fon Pack Indian Rosorvaiion. nonhoasiarn

Montana

Q:.l • Alluvium (Quaternary)
Q' • Glacial till (Pleistocene)
Qs« ■ Glacial ouiwash (Pleistocene)
Qw • Wioia Gravel (Pleistocene)
Kb • Bcurpaw Shale (Upjxrr Cretaceous)
K|’r • Judith River Formation (Upper Cretaceous)
Mui Madison Group (Mississippi.™)

Depth of well-in feet tclow land surface.

Constituents ore dissolved, except as indicated.

Collecting agency and analyzing laboratory:

ASCHM. Astro-Chem Service Laboratory.
CHNO. Chcn*Nonhtm. Inc..
ELAB. Energy Laboratories. Inc..
MBMG. Montana Bureau of Mines and Geology.
IJSGS. U.S. Geological Survey.
YSB. Yapuncich. Sanderson, and Brown Labonuories. currently Energy Laboratories. Inc.

Abbreviations: pg/L. mtcrograms pa liter: mg/L. milligrams per liter per mil. pans per thousand. D/H. dcutcrium/hydrogen: 
0-18/0-16. oxygen 18/o.\ygcn 16. Symbols: <. less than:... no data.

TABLE 7 7$
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Tablo 7. Tr«jco*«lomom and organic-carbon concentrations ond stoblo-isotope ratios in wator sampfas cotlociod Irom 
privately ownod wells, monitoring woDs. and brino-lnjoction wails in lh« East Poplar oil field. Foil Peck Indian Rasorvauon, 
nonhuaslorn Montano (CcntimiOd)

Sit* number Geologic unit
Depth ol well 

(tool)
Collecting

agency

Analyzing

agency
Obi« eampie 

collected

Barium, 
dlaaolvod 

(pg/L at Ba)

Boron, 
dlaaolvad 

iUQrt.»» B)

28N*5irioiouniim 0- til uses uses 07.21.82
uses uses 03-20-91 <100 760

2JNJIi:i)lCCClXH Q> 50 uses uses 08-25-50 <100 870
3ns)ii:mAni)A0i 0.1 S2 uses uses 08.23-90 <100 BOO
iHNjMiumxniioi 0.1 22 - CHNO II 08-83
uNjinnsDnouni * 102 uses uses 08-25-90 200 810
SINSIIiOVnCtlllfll 0 90 uses uses 07-17.91 <100 790
2«N,Jin0‘>CCD[>0l 0* 117 CHNO 04-07-89

•a CHNO 03-16-89 „

uses uses 07-19-91 <100 640
zsNJiroAiDnnoi 0* 104 uses uses '03-12-93 300 640

uses uses lOS-l2-93 300 680
29NStF09OCCQ)l 0* 93 uses uses 03-13-93 740
ns'SllilODIIAfYU Mm - uses uses 07-24-59 590 20.000

uses uses 03-29-90 I/CO 22/03
ZINJIGIJCCCaOI * 33 uses uses cs-n-w 300 630
UV»ll!t)CCOCOi <> 150 uses uses 09-Z2-5O <100 ItO
2ivsint6oncnoi o ItU uses uses 07-23-39 MO 680

uses uses 07-21-91 <100 6£0
2*VJIfil7ABDCO» Qd 36 uses uses 03-26-50 TOO ECO
2lN)ll:llAn0lX)l o <0 uses uses '03-26-90 <IC0 tco

uses uses '03-24-W <100 tee
2iNJII{l7Al)AOOI 0» 130 uses uses 07-16-91 <IC0 630
2JNilF.l7DAl)AOI Q> 102 _ YSO 02-10-75 „ «.

uses uses 03-25-50 too 670
2SNJlS2lOI)nct)l 0- 91 uses uses 03-26-90 103 720
2ssjie22uuniuM Q» 63 uses uses 07-24-93 <100 220
28,*rSlG22CnCllOl o St uses uses 07-21-93 200 15.0/0
2JNJ1B22CHCIU)I O 49 uses uses 07-20 93 :lo H.nrn
2JN3lC32CTX:C0l Q» 1) - ILUAB 0707-85 - ..

uses uses 07-20-89 52 660
uses uses 07-20-91 <1C0 710

23N5lE27ARAAflt 0* 135 - A SCUM 'lO-H-59

- ASOIM *11-07-39 _
- CLAO 12-15-89

uses uses *08-24-50 41 no
uses uses *03-24-50 42 560
uses uses 04-15-92 *3 610

25NSl027imRtU)l O 63 .. ElXB 05-23-55 _
aiso U-21-S3

. A SCUM 03-10-S9 _

uses uses 07-24-29 78 670
uses uses 05-27-90 <100 760
uses uses 01-31-91 200 770
uses uses 05-03-91 JCO 620
uses uses ‘07-22-51 <tco 680
uses uses '07-22-91 200
uses uses Ol 15-92 2CO 670
uses uses 07-23-93 200 540

21N5I£29IMCaim Qd 50 uses uses 03-17-93 <100 630
2IN1IE29CACIWI 0.1 37 uses uses 03-23-90 86 150
aNsieumintmi » 120 - CHNO 03-17-59

uses uses 03-24-90 <100 750

b Hydrologic Dili lor in* k‘»*l Poplar oil flatd, Fori Pack Mbn Rtitmlion, nort7t«a«torn Montiru

Iron,
dlaaolvad 

|pg»L at Fa)

LfiMum, 
dlaaolvod 

(pQ'Laa LI)

Jdangeneae, 
dlaaolvad 

(pg/L a a Mn)

Strontium, 
dla solved 

(pg/L a» Sr)

Carbon, organic, 
dlaaolvad 

(mg/L at C)

Dm ttabla- 
laotopo ratio 

(par mil)

0-1670-16 
alablo-laolopa 
ratio (per mil)

Silt numbar

40 430 - .. .. 28N5ILOIBBIUXOI
270 520 3.400 29 -1430 -1865

390 120 6*0 910 3.8 -
ZUNSIHMCCCIMI

2.JUX) 110 IN) 550 3,5 • 125,0 -13.05 28N5IE08AODA0I
790 - - 28N5IE08CCI1R0I

18.000 250 930 4.500 3.9 - iBNSinosnnrmm

2.200 130 too 850 2.2 2SN3IG09UCUHOI

7JW0 490 - - 28N5IBIWCCDDOI

6.500 360 - -
6,100 150 2W 1X0 2.4 • 127.0 •15.70

Ijon 3t>3 I.ICO 9 JCO - - 28N5IEI»CDmtm

290 970 9.103 - - -

„ .. 39N31CWDCCCOt

690 SJOJ 240 54/00 7.0 • 135.5 -16 23 JSKJIBlODflAOOl

too 270 47/mJ S3 • 1330 -16.20

230 130 t,500 - - 2SN5IBI3OCCA0I

ISO 60 2.101 6J _ - 7SN5IH13CCCC0I

2I.OCO 720 J.3CO JJCO 1 4 >1395 -17.40 7INSIE160BCH0I

JCO 1.603 7.*00 4.6 • 1370 •17.30

ISOCO 230 I.3C0 3JOJ - >320 1645 75N5lEl7AnCOOI

24.000 220 I.JfO 5.100 - •131.0 -1650 25N5IBI7ABDDQI

25.003 260 IXO 4.900 42 - -
9JOO 210 290 2.600 12 - - 2snjiei7aDai:oi

_ M ~ - 25N3lt:l7DAnAOI

7.SC0 >60 1(0 I.9C0 3.9 • 1780 •15 65

14.003 220 2jro 3.100 • 1350 -17.65 3SN5l03lUl)llCOl

<10 230 20 2.000 - - 78NS1E22UIIDB0I

50 3.500 310 45.000 - 28N5IE22CUCROI

50 3X0 310 41/00 ~ - 2SN5ttn2CnCB02

_ - - 28N51E22COCCOI

430 560 6.(00 »3.c*:o 55 • HI 5 -15.35
5.9CO 530 5.0*0 2J.OCO II -

too - ~ - - - 28N5IE27AHAAOI

200 - - - -
70 „

160 - — -
t7 52 97 1/00 76 •131 0 -I9 7J

22 51 97 I/O) 76 mo -19 50
17 92 67 I.4CO - - -

. <3° • - - - - 25NSlE27BBQftOI

700 - I.ICO - - *• -
ICO M - - - - ~

MOO 550 940 29/CO 6.5 -1330 -12.70

4,000 IXO I.NO 41/00 - -13)0 -17.40

3300 650 1.(00 41/03 - - -
2.700 720 1.503 - - - -
2.400 760 1.WO 47/QO 2.7 - -
2,400 270 1.703 J2JKO 1 2 - -

17,000 870 1,9ft) 42.0CO - - -
2X0 1.4ft) 49.003 — - -

670 „ - 78N5I629BACA0I

290 1 7 „
2SN5IE29CaO10I

I.4C0 220 - - 28N5iE3jnnnBm

11.0X3 220 510 1.700 3.7 • I44Q -18.95

Table i rr
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Table 7. Tracu-elomam and organic-carbon concentrations and siablo-isuiopa ratios in water samples collected from 
privately ownod wollt, monitoring wolis. and brino-Jnjoction wells in thu l*asl Poplar oil tield. Ton Pock Indian Reservation, 
northeastern Moninna (Continued)

Stto number Geologic unit Depth of wall 
<taa«»

Collecting 
ag entry

Analyzing
agency

Oslo sample 
collected

Barium. 
dla«olv«d 

(pg/L a* Ba)

Boron, 
dissolved 

(pg/L ■» 8)

28X3 IE33BOBC02 O IU2 Cl IXO 03-16X9 ..
2S.V5IE3JOOCCD3 Q* 03 USfiS uses OS-1791 <IC0 $90
28N'52EJ0BBBB0I Ow uo MHMG MUMC 1CWJ6-S5
2SN'5rE20CCCC0t 0* I2H uses uses 08-21-90 <100 960
28N52E30DDUD0I Q" 170 MUMC MR MO 1003-85 ..
29N3IE09ABBA01 Qal 30 uses uses 08-1693 •5 670
29N51EIOCOBAOI O 90 uses uses 07.21-82 -
29NSIEI5CACA0I Qd 62 uses uses 07-19-91 24 4C0
29N5IEI6BDAAQI 0*1 33 uses uses 07.2091 74 1.900
29XSIEI6C8CC0I Qd 25 uses uses 07-26-52 - -
29.*;«t6t6CCAA0l 0*1 23 uses uses 07.20*2 •

uses uses *07.15-91 43 670
uses uses *07.13-91 43 650

29N51 El 60aC AOl Q»l 25 uses uses 08-23-90 23 510
29N5IEI7CCCCU! Qal or Kb 57 uses uses 07-27-52 -

uses uses 07.22-89 13 500
29N5IEI9DCAGH Kjr 7 *0 uses uses 07-22-82 - -IbNStE^ODBAOl* Mm 3JS3 uses uses 07-22-S2 ~
29NSIE20A8BA02 QiJ 41 uses uses 07-26-82 -
29XSIE2QOA0BOI Qal 36 uses uses OS-1393 5ro 690
29XSIE2IABCCDI Qd 12 uses uses O7-20-S2 - 630

uses uses 07-15 91 53 760
79N5IE21ABDAOI Q»i 33 uses uses OS 15-93 6* I.IOO
29X3IE2IBBAA0I Qd 17 uses uses 07-26-82 - -

uses uses 07-22-S9 59 1.600
29NS1E29CB BBO1 Qal 45 uses uses 11-03-82 ~29N31E30DDDD013 Mm 3.131 uses uses 07.22-82 «.
29NSIE3IAABB0I Qal 54 uses uses 11-03.82

uses uses 07-23-89 67 730
29S5IEJI aBDDOI Qal 43 uses uses 03-1003 <100 I.9CO
29X31E31BDBA0I 0*1 40 uses uses 03-10-03 <100 490
29N3IE31CABBOI 0*1 33 uses uses OS-11-93 <100 310
29N5IE31DBAD01 Qd 37 uses uses OS-ll-93 <103 5.9CO
29N5IE3IDQDDOI Q>| 33 uses uses OS-12-93 200 1.2CO
29.VS 1 EIIABaCDI 0*1 41 uses uses 08.13-93 - 1.100
29XSIE32aCCA0I Q*i 30 uses uses 08-M-93 203 3.300
29N5IE32BAAIXU Qd 39 uses uses 08-M-9J :co 1.400
29N5lE32BAllU0t 0*1 4(S uses uses 07-26-93 703 13.000
29.S‘5lE32BUAA0l Qd 42 uses uses 11-02-52 - -
29N3!E32HHUa02 Qd 47 uses uses 11-02-S2 - ..
29N51E32BBRA0) 0*1 53 uses uses 07-23-93 200 2500

2$N$1E37UBRA(M 0*1 27 uses uses 'OJ-25-93 <IC0 2.030
uses uses '07-15-73 <IC0 2.000

29.VSIE32RBBR0I 0*i 49 uses uses 11-03-52 - ..
uses uses 07.23-59 ISO 5iOO

29NSIE32BCCA0I Qd 40 uses uses 11-02-52 _ ..
29N51E32BCCA02 Q*i 43 uses uses 08-11-93 300 8ti)
29N51C36CCCC0I Oro 30 MflMG MUMC* 1005-83
*RcpUi’aIe analyte*.

3D*u of malyiii.
*Brine-injccuan well ccmpletcU in Dikou SinJjwne.

70 Hydrologic data for tha East Poplar oil liald. Foil Pack Indian Reservation. northeastern Montana

Iron,
dissolved 

(pO»L a a Fe)

Lithium, 
dissolved 

(ugrt. as U)

Monganesa, 
dissolved 

(ugH. •» Mn)

Strontium, 
dissolved 

(pgrL as Sr)

Carbon, organic, 
dissolved 

(mg/L as C)

O/H alable- 
Isotope ratio 

(per mil)

O-lB/O-lB 
suble-lsotopo 
ratio (per mil)

Silo number

I.4CO .. 220 2BX5IE33U80CQ2
<10 220 WO 2JCO - 3BX5IE3)0DCC03

?.3f0 64 - 7SNS2E20RRBR0I
1,100 110 60 460 - - 28K52E20CCCC01
1.200 33 - 2HN52B30DODOOI
ijon 100 92 3*0 - - - 29N3IE09ABBAO4

190 29M51GIOCDBAOI
<3 170 13 7 SO - - 29N51E15CACAOI
18 73 23 ISO - - 29N51E16BDAA01

27 _ _ _ 29N3IE16CBCCOI
470 _ 170 _ _ - - 29N31EI6CCA AQ)

1.563 66 160 360 JJ •133.0 • 16.75
1.303 63 ItO 3(0 36 - -

170 92 100 620 3.0 .1300 16.75 29N31EI6DaCa0i

I7.WW 1.500 - - 29N51EI7CCCC01
26.000 480 1.500 5.500 4.5 ■135.3 -17,00

80 _ 29N5II:I9OCaC0I
730 _ 160 29N51EI9OOBA0I
270 „ 1.200 ■ _ - 29N3IE20AaRA03

16.000 280 I.SC0 5.S00 29N5IE200AB80I
5 _ 3 .. - _ - 29N51 £21 aBCCOI

33 77 1 320 3.5 -
1.700 88 680 390 .. ~ « 29N5IE2I aROaOI
2.800 „ 460 - - - 29N5IE2IBBAAOI
3.400 190 230 710 3.0 • 138.5 -17.05

22.000 1.800 - 29M5IE29CBBBOI
I.aCO 300 .. 29X51E30DDDD31
9.5C0 1.300 - - 29X31E3IAABDOI

27.0CO 550 2.0C0 12.0X1 3,0 -1J40 • 16.80
19.0M 1.400 13.070 - 29X5IE3IABOOOI

20 350 320 4.600 _ - - 29XSIE3IQ0BA01
I6.CCO AfcO 2,400 11.0X3 - - - 25X5IE3ICBA30I
1S.CCD 603 710 7.SC0 - .. - 29K5IE3IDBACQI
13.000 330 760 9.8CO - - - 29X5lE3IOBOCOi

60 _ .. _ _ - 29XSIE32A BaCOI
20 350 620 2.7CO - 29N51E32ACA C01

13.000 840 980 S.2CO - - 29N5IE32BAA1X31
35.000 3.200 2.500 49.0)0 - - 29N31E32BAUUOI

• 49.000 „ J.300 - - - 29N5IE32BBAAO!
21.000 _ J.200 „ 29N51E32BBBA02
7I.COO 2.600 6.600 no.coo - - 29N5IE32BBBA03
i. 16) 350 420 4.900 - - - 29N3IE320BBA04
2.263 330 420 5.00) - -

33.063 6.900 - 29X5IE32RBBBOI
21.0X1 2.300 6.403 52.103 7 0 •122.0 -16.15
55,000 14.000 - 29N31 B32RCCa01
17,000 610 3.0CO 23.CWO „ - 29N51E32BCCA02

36 - *• - 2 9X51E3ACCCC01

TABLE 7 79



Table 8. Physical propanies and major-ion concentrations in dotanizod-waier tieid blanks collected during ground-water 
sampling in the Easi Poplar oil Held. Fori Pock fndian Reservation. nonhoasiarn Montana

|Smc«i*nt<r mltcuci *»»«: *htre timpling cipupncnl *j» wed priur tocvUctunj lirlJ blsnk. Cunuitucnit *redutoHcd. tictfr «i mdiciied. l-ibjoiory 
umJ/ici by ihc US. Gcologicd Suray. AbbrvvisuMu: pStan. nuerotttment per coni moo »t 75 degrees Celsius: *C. degree • Cdinn, gAnL |'«rm jm
msli*lii*r;«t>g/l.. milligrams pci liter. SymKilt: c. less ihm. mi du»|

Site number ol 
previous silo

Oats
sample

collected

Specific
conduct

ance,
laboratory

(pS/cin)

pH,
laboratory
(siandatd

unit!)

Water
tern-

peratuio,
onsite
rci

Ocnsliy 
(g/mL at 
20 °C)

Hard
ness,
total 

(mg/L as 
CaCOj)

Calcium, 
dis

solved 
(mg/L as 

Co)

Magna-
alum,
dis

solved
(mg/L us 

«0)

Sodium, 
dis

solved 
(mg/L. os 

No)

28N5U;.27BimBOl 08-29-90 6 6.2 .. 1 0.39 0.05 0.80
28N5llil6OBCB0l 07-21-91 73J 7.6 15 3.6 1.5 l!
28N5IE22CBCB0I 07-21-93 39 6.9 24.0 - 4 .99 .29 5.-I
29N51E32ABAC01 08-13-93 26 3.6 23.5 0.997 4 M .17 <.20

Sodium 
adsorp

tion ratio

Potas
sium, 
dis

solved 
(mg/L as 

K»

AJka-
Unity,

labora
tory

(mg/L as 
CaCOj)

Sulfate, 
dissolved 
(mg/L as 

SO,)

Cnlorld*. 
dis

solved 
(mgiL as 

Cl)

Ftuoilde, 
dis

solved 
(mg/L as

n

Bromide, 
dissolved 
(mg/L as 

Br)

Iodise, 
dis

solved 
(mg/L as t)

ou-
aolved
solids.
com
puted
("-0'LI

Site number ol 
previous site

0.3 0.10 3.0 <1.0 0 JO <0.10 <0.010 <0.001 „ 28N51E27BBBB0I
1 .20 l‘M 46 15 .10 .040 .002 196 28N5IE16DBCB01
1 .10 3.2 2.0 7.7 <.|0 .010 <_00j 45 28N5IE22CBCB0I

- <.!0 8.6 1.5 .30 <.10 <.010 <,00l 29N5lE32AriAC0l

eo Hydrologic data tor tha East Poplar oil Held, Fori Pack Indian Reservation, nortnasstam Montana
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Table 9. Trnco-olomoni and dissolved organic-carbon concentration* in do'tonuod-wnter Held blanks coOocied during ground
water sampling in the East Poplar oil Held. Fori Peck Indian Reservaiion. nonheasiern Montana

Kite numter mJ»c«iei »i»c »h«c sample *»s ccQeoed prior u> collecting fielJ Mini. Cootutueius «re dh«rl*ci. e.ccp* •> imlscued. Uborstory rruly.r. 
tiy the U-S.GeulOfi<»l Survey. Abbremxiom: Hg/L. nucr©jrum f<j liter, mg/l„ mlnljnmi per IiUj. Symbols: <, lets than; --.»od*i<|

Site numbor ol 
p/ovlous situ

Dote
sompiQ

collected

Barium, 
dis

solved 
(pg/L as 

Ba)

Boron,
dls-

solvod 
(pg/L as 

B)

Iron, dls- 
solvod 

(Mg/L us 
Fo)

28N5IE27HBHR0I 08-29-90 <2 <10 6
28N5IEI6OBCB0I 07-21-91 <2 30 12
28N5IE22CBCB0I 07-21-93 <?. 20 6
29N5IEHABACOI OS-13-93 3 20 •11

Lithium.
dlasolvod
(jjg/Las

LI)

<4
<4

<*t
6

Manga* 
nose, dis

solved 
(pg/l as 

Mn)

Stron- 
tlum, dis

solved 
(pg/L as 

Sr)

Carbon, 
organic, 

dlssolvod 
(mg/L os C)

2 20 0.6
2 20 .6

I 17
II _______ 6_________

TABLE i at
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Table 10. Locations and dosertpeions ol siroamMowmoatg/omont shos on Iho Poplar River in the £a$i Poplar 
o'd field. Fort Podt Indian Reservation, northeasiern Ntoniana

Slla number 
(described In

u>g
Latitude Longitude Phyalcal description ef site

PR-0 481635 1050512 Poplar Ri.'er above Umpire Bridge. oen Poplar. Morn. Located about 13 mi northeast of 
Poplar. 3 J mi southwest of Geddan Lake, 0J mi upstream from Empire btidge: in
SW 1/4. SE I/4.NE IR **c. 0). T. 29 N.. R.3I E.

PR-I 481625 1050517 U.S. Ccoiogicaf Survey miicciltneous strcimflow-miAStncmcrn station 061S0600 (Poplar
River above Slimt Coulee, near Poplar. Mom.). Located about 12 mi nwiheaat of Poplar. 
0.4 mi west of Route 251. 1J mi above Slims Coulee; in NW 1/4. NE 1/4. NE 1/4. see. 16.
T. 29 N„ R. 51 E.

PR-2 481513 1050516 Poplar Rivet above Slims Coulee, near Poplar. MonL Located about 11 ml northeast of 
Poplar. 5,0 mi southweti of Geddart lAc. U mi south of Empire Bridge; in SW 1/4.
SE 1/4. NE 1/4. sec. 21.T. 29 N.. R.5I E.

PR-2A 481458 1050:59 Poplar River below Slimt Coulee, near Poplar. Monk Located abstui 10 mi northeast of 
Poplar. 0,73 mi southwest of Slimt Coulee. 0.75 mi northeast of coictete culvrn bridge; 
in SE 1/4. SW 1/4. SW 1/4, sec. 21. T. 29 N„ R.Sl E.

PRO 481413 105064) Poplar RWer below Slims Coulee, near Poplar. Mom. Located about 9 mi northeaii of 
Poplar. 1.6 mi southwest of SUms Coulee, at concrete culvert bridge; in MB 1/4. NW |/4.
SE 1/4. sec. 29. T. 29 N.. R. 51 E.

PROA 4813)8 10507)9 Poplar River above CbJbenson Creek. near fopJar. Mom. Located about 8 mi rojihrast of 
Poplar. 0.75 mi Ufa (ream bom Culbertson Creek, in »*E 1/4, NW |/4. SW )/4, sec. 32. 
T.29N„ R.51 E.

PR-21) 481330 1050503 Poplar River stove Culbcmon Creek, near Poplar. MonL Located about 8 mi rortheasi of 
Poplar, 500 ft upstream from Culbertson Creek; in NE 1/4. SW |/4. NE 1/4. sec. 31, T. 29 
N.. R. 51 E.

PK-I 481327 10503)7 Poplar River below Culbertson Creek, near Poplar. Mom. Located about 8 mi ivmheati of 
Poplar. 0.25 mi downstream from Culbertson Creek; in SE 1/4. SW |/4. NW |/4. sec. 31.
T. 29 N.. R 51 G.

PR-S 481249 1050331 Poplar River below Culbertson Creek, near Poplar. Mom. Located about 7 mi rvirtheatt of 
Popfar.) mi downstream from Culbertson Creek; In SE 1/4, NE |/4. NW |/4. sec, 04. 
T.28N, R.51 E.

PR-6 48115) 1050907 Poplar RWcr below Flea Creek, near Poplar. MonL Located about 6 mi northeast of Pop
lar. 0,3 mi downs 0 earn from Rea Creek, at a culvert bridge: in SE 1/t. NE 1/4, NE 1/4, 
sec.08.T. 28 N,. R.51 E.

PR-7 481103 1050956 Poplar River tclo* UaJger Creek, near Poplar. Mom. Located abjut > mi northeast of 
Poplar, 0.75 mi dtwntoeun from Badger Creek at ford 1 mi downstream from a culvert 
bridge; in NW 1/4. NE 1/4. NW 1/4. sec. I7.T. 28 N, R. 51 E.

PR 8 48)015 105)042 UJ>. Geological Survey loeamAow.gaging station 06181CCO (Poplar River near Poplar. 
Mont). Located un tight bank, about 4 mi north of Poplc. at river mi 11; in SW |/4,
NE 1/4. NE 1/L sec. 19.T.2B N.. R.Sl E.

PR-9 4809M 1051003 Poplar Rivet lelow gage, near Poplar. MonL treated about 3 tui rortheast of Poplar, at 
fbid 1.25 mi downstream from iBeamflow. gaging station 06)81000; in SE 1/4, SW )/4.
NW 1/4. tec. 29. T. 28 N-R.Sl E.

83 Hydrologic d*U lor the East Poplar oil Mtld, Fort PrcV Indian Haatnralion, northaestam Montana

Table 11. Sironmltow and miscstlanoous wator-quality moasuromnnio lor the Poplar River in 
the East Poplar oil tiold, Fort Puck Indian Reservation, nonhooaiorn Montana 
lAbtvevuticni: cubic fcal per teccnd; gSton. mkrotemem per ccnimcter »l 25dc|fcci Cdmn;*C. degree*
Celu'iu; nt|/L niilipuni pn Itiu Symbol: **. <vr dxuf

Oat*
Sit* numbw 
(described In 

tail)

Stieamftow,
InitJnUntous

((,»/.)

SpocUlc
conductance.

On alia 
(pS/cm)

Temperature,
water
(*C)

Chloride, 
dissolved 

(mg/L aa Cl)

094MI PR-I 1.7 1.560 20.0 20
PH-2 .. 1390 - It
PR-1 1.4 J/N0 230 600
PR-« - 3.620 540
PR-5 .7 3.790 250 550

10-22-90 PRO _ 1.450 12
PR-1 - 1.490 “ 15

I0-H-50 PR-3 „ 1.450 - 16
PR-2A - 1.500 - 17
PM-1 - 1.550 - 42
PR-IA - 1.610 - 56
PR-4 1.940 210
PR-5 “ 1.730 110

tfrij-w PR-6 1.970 - 200
PR-7 - 1.970 ~
PR -5 - 2.020 - 240
PR-9 2JQ30 " 240

Oa-O) 91 PRO 52 946 I0J II
PR-I 56 922 no 9.6
PR-2 S3 949 11.0 5.9
PR-2A 94 946 iij 10
PR -3 91 953 12.0 5.)
PR-IA 70 956 12.5 II
PR-J8 57 936 13.0 1)
PR-* H 976 13.0 13
PR-5 79 991 13.0 21
PR -6 55 I.CC0 13.0 23
PR -7 n 1JOOO 130 24
PR-S ti 996 13.0 25
PR-9 55 IjKW I2J 29

07*23 91 PRO 47 1270 19 J 10
PR-I 49 1260 200 9.5
PR-I 46 1250 200 9.9
PR-3 46 1,303 210 22
PR-4 <9 IJ40 23.0 35
PRO S3 1.410 24.0 SI
PR-8 44 ~ " 61

09-12 91 PR-I 7.9 -- 17
PR-2 II - •*
PRO II 41
PROB - ~ -- 47
PR-4 II - 47
PRO 10 .. 160
PR-6 II - 170
PRO 11 *’ " 160
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Tablo 12. Physical proportion and majot-nn oonconiraiians in wutur auinplus collected from Ihe Poplar River. 
East Poplar oil liolri, Fort Mock Indian Rosurvotinn, nonhoasiorn Morttami

(Swiplet roUecuil mJ tAilyuJ Oy dw Ui. t<«lu|u:il Sui^cy, At<iwii»oow! (i V>, entile Icet («> iccml; ikSA:ni, mtctininncm pci <aium«iei n 'P 

del reel C; “C, dcireei CeliMi; nij/L. miUtjriBn jri OUf. Symlob; <,la»lbM;«,iwd4ii|

Stla number 
(dcsoibad In 

tail)
Data

Streamilow,
Instant#-
naour,
("''•)

Specific
conductance,

enslta
(pS/em)

pH.
onalte

(standard
units)

Wat at
temperatura,

onaita
(-C)

Hrrdntn, 
tout 

(mgrt. a a
CaCOj)

Calcium, 
dissolved 
(rog/L a*

Ce)

PRO 10-23*79 22 U80 88 7.0 190 24
i».(W-S1 t.7 U£0 9.0 200 UO 12
02-21-91 2.(1 I5S0 ’8 1 00 ICO 23
04-03-91 86 922 _ 11.0
04*24-91 36 1.189 '8 6 160 160 24

07-23-91 49 200 _
07-24-91 31 I5» *IA 220 160 22
0912 91 79 -
M-13-91 n 1.430 *1.7 9.3 ISO IS
10-25-91 98 U50 *8.6 .3 170 21

01-21-92 $1 1.120 *8.4 4,3 l«» 29
06-23-92 17 1.470 '8.8 190 130 17
OS -05- 92 12 'l.-JO '89 210 140 15
tO-16-92 19 IJ30 't-7 1.0 130 19
Or-07-93 102 900 'u 6.0 130 22

06-17-93 29 1.330 'l 6 135 140 17
0S-I2-93 Ml 1510 *83 17.0 2tO 33

PR-8 09-13-7$ 37 1.650 89 21.3 230 23
09*15-75 3$ 1.670 8.8 19.5 220 2?
12-23-75 10 2.150 84 0.0 320 5J

03-16-76 37 910 8.0 00 180 33
Or-07.76 4 4-1 350 82 110 130 26
06-22 76 221 t.osn 81 205 200 31
07-09-76 471 920 81 230 ISO 29
09-06-76 63 050 S3 200 203 26

W-1076 21 030 8 / MS 210 26
10-01-76 21 O$0 95 13.0 210 26
11-11-76 29 020 8.7 .5 230 31
12.10.76 76 1.890 B.l 0.0 330 •>5
01-28-77 7.0 U30 7.8 00 420 74

02-11-77 19 23)50 7.9 00 370 63
00 31-77 161 030 15 40 150 27
04-26-77 44 1.430 15 190 190 30
05-09-77 29 15*0 15 210 2D3 21
C6-06-77 52 030 15 22.5 230 30

07-19-77 7.4 2.1-tO 86 260 220 23
08*22-77 66 3.180 86 185 260 28
09-15-77 15 2,590 85 17.5 210 27
10-28-77 29 1.930 15 8.0 230 31
11-15-77 30 1,690 85 2.0 210 29

M Hydrologic dots for th* East Poplar oil (laid, Pori Pack Indian Reservation. no.ll.a.*U*n Montana

Magnesium, Sodium, Sodium Petit- Alice Unity. Suilate, Chloride. Fluoride.
dissolved dissolved ad tor p- sham. onaita dls solved dlsaotved dissolved
(mg/L a a (mgA- a a lion dissolved (mo/L n (mol. at (mg/L aa (txsg/L aa

Mg) N.) ratio (mg/L a a K) CaCOj) SO*) Cl) F)

280 9 7.4 3ft> 250 12 0.40 917

27 320 12 85 560 240 20 .50 967

24 270 9 6.0 - 230 M .40 912

„ - - 9.6 - ~
24 240 S 3.7 ~ 220 84 .40 827

_ _ 95 - -
26 210 1 7 3 - ISO 10 .40 £02

_ _ _ 17 - -
23 280 10 6.2 _ 220 17 50 897

29 320 II 60 - 270 15 40 1.030

210 7 65 .. IR0 13 .40 721

23 290 10 6.1 - 240 21 .40 935

26 2 SO 10 64 - 200 16 50 880

26 320 11 5.6 - 250 12 .60 976

19 ISO 6 65 130 75 50 353

23 270 10 60 210 10 50 Cl
21 210 6 84 - ISO 9.9 40

320 9 14 339 3C0 46 .40 IJ070

37 330 10 12 349 290 92 50 1.120

43 370 9 7.9 SM 290 120 50 1.280

160 3 to 360 130 35 40 619
79 3 82 222 n It 50 336

29 170 3 10 379 170 15 50 662

26 ISO 3 11 363 140 9.6 50 393

>4 2M 1 12 449 260 31 .40 904

33 290 9 10 476 250 77 .40 911
36 2 SO 8 9.2 46S 240 64 .40 962

230 8 7.4 306 250 41 .40 965

33 3-10 1 8.1 661 310 70 50 1,230

. «» m 8 7,6 382 290 290 40 1.460

50 420 10 7.8 613 280 280 .40 1.490

21 240 s $« 330 140 130 40 787

21 270 9 6.9 430 210 SI .40 901
3CO 9 7.7 40 240 no 50 999

11 290 I 9.7 480 260 87 50 ijto

420 17 9.9 310 270 270 50 1550

43 tfX) 16 13 500 290 590 .40 1.870
35 m 14 10 300 240 380 .60 1.480

380 II 7.6 310 2fO 190 .60 1520
34 310 9 6.7 510 240 96 50 1,030

TABLE 12 05



Tobto 12. Physicol properties and major-ton concentrations in water eampfos coflaaod Irom the Poplar Rivei 
East Poplar oil fluid. Fort Pock Indian Reservation, northeastern Montana (Continued)

Streamllow, Spedflc P". Water Hardneaa, Calcium.
(described In Oats Insianu- conductance. omlit tamper a- total dla solved

naaui, entire (standard lure, onsite (iiiqA. aa {mgft. «•
it*1'*) (pSTca) unit*) CC) CaCO]} Ca|

re 4 12*21-77 90 2J30 7.7 00 3*0 54
(Con eared) 01*09*7! 7.0 2J6Q 7.9 ao 410 66

07*13*7! 10 2JI0 79 00 480 83
03-24-78 3JC0 271 7.4 1.0 61 15
04.ia.7s 237 882 8.1 7.0 180 34

OS* 11-78 184 1,180 8.6 HJ 210 32
06-12-78 77 1,390 8.7 I9J no 29
07-21.71 63 1.180 S3 21.3 200 31
03*11*78 17 1.680 8.6 22.0 210 26
09*18-71 1.19 1.180 88 12-5 120 IS

10*26-78 40 1.410 8.7 60 203 30
11*17.78 36 Iv610 8,6 J 270 38
12-11*78 16 2.060 8.1 .5 390 62
0M5-79 4 1 3.400 7.7 00 380 100
02.20*79 25 2J30 7.8 00 500 99

03*30*79 9*5 493 80 1 0 120 25
0419-79 5JC0 310 8.0 4.0 SJ 17
05.15-79 375 1.180 SJ 150 250 45
06.11-79 75 1.420 8.7 19 0 770 31
07-17.79 51 USD 8.4 210 190 30

01 13-79 23 IMG 8.4 20J 230 31
09-17-79 13 1.870 8.6 I8J 24.3 32
10*16*79 16 2.010 85 too 260 36
11-26-79 4« 1.780 SB J 740 38
12-11*79 2* 1.750 86 J 260 31

Ot-03*80 17 2,010 8 l 00 370 51
03-23-SO 96 1.0*0 8 1 5 150 22
04-1740 128 841 16 123 160 26
05-01*30 52 t J70 87 173 203 32
0621-80 to l.ftTO 8 7 210 180 19

07-31-80 1.0 2JCO 9 0 76 0 260 24
08.21-80 12 1.780 8.6 19.0 200 71
09.18*80 7.3 1.980 86 133 230 26
10*23*80 29 t.txO 8 J 4,0 2C0 27
11-13-80 30 IJ-IO 86 30 210 29

01-71*81 21 1.650 8.1 3 270 43
03-2441 69 1.120 15 7.0 180 29
01.7741 34 1.420 66 M3 210 50
07-02-81 24 1,480 8.7 21.0 190 19
07-29-81 5J l.7!0 8.7 25.0 190 20

08*7341 .85 7.150 8.7 24.0 240 22
09-0941 .14 2.100 8.9 24.5 240 23
09-2341 .12 1.940 8.7 133 230 25
11-1846 27 1.860 86 00 290 42
01-1447 15 1.710 U 00 280 43

06 Hydrologic dele loi tha Gatl Poplar oil (Uid, Port P*cV Indian Rmivitlon, northsst tern Montana

Magnesium, 
dissolved 
(mgft. a a

Ug>

Sodium, 
dissolved 
(moil, as 

«a)

Sodium
adsorp

tion
ratio

Potas
sium, 

dissolved 
(mgft. as K)

Alkalinity.
onsite 

(mgft. es 
CaCOj)

Sulfate, 
dissolved 
(mg/l. at 

SOJ

Chloride, 
dissolved 
(mgft. as

cq

Fluoride, 
dissolved 
(mg/L as

F|

Dissolved solid: 
computed 

(mgft.)

SI «o II 95 (ft) 330 2«) JO tjio
ft) 4711 10 36 690 340 250 M 1.620
65 430 9 75 540 310 380 <0 1610

75 26 1 S.7 110 y* 4.1 .10 167
2-* l-Cli 1 70 330 Ito ;i JO 576

31 2ft > 6 7.6 430 ISO 22 .40 737
31 2(0 7 9.4 530 210 49 .40 909
30 710 6 3.9 410 170 51 .40 760
36 Xu 9 9.2 440 210 150 JO IJ3C0
19 230 9 6.2 420 170 2D .*0 777

31 2(0 8 7.1 470 220 68 40 906
42 30) S 7.1 550 270 (O .40 I.W0
37 3ft> 8 to 680 320 130 .50 1.360
79 550 10 II 530 280 5*40 .40 1.890
61 471) s 8J 430 280 4(0 .30 1.600

13 61 : 12 170 93 4,9 .10 324
II 33 2 7,4 110 40 2.7 .20 189
53 ISO 5 7.7 too 2CO 24 30 739
42 :so 6 8-6 450 220 82 .40 895
28 720 7 SO no 190 CO 40 796

36 XO 9 8.2 430 2«0 ISO .*0 1X60
43 390 II 9.1 430 260 260 .40 UlO
42 3-tO 9 9.2 450 250 730 40 1.190
10 320 9 9 1 5)0 270 93 .40 1,100
>9 310 S 7.7 530 280 64 JO 1.100

♦7 370 9 1.2 610 320 ICO 70 1.270
21 ISO 6 65 330 ISO 13 JO 631
22 130 < 71 250 130 19 JO 315
30 230 ? 7.1 420 190 47 .70 796
32 3C0 to it, 450 270 71 JO 1.000

48 420 II 11 440 300 300 ,10 IJ70
33 350 It 8.1 430 250 Ift) 30 1,090

. w 350 10 7.9 430 2t0 240 JO 1.190
32 310 10 8 1 •410 250 130 JO 1,010
34 290 9 7.9 4 90 240 59 .40 962

40 310 8 68 550 290 35 60 1.060
25 190 6 5J 320 170 37 JO 650
32 270 5 6.4 420 20 35 .40 892
J4 2£0 9 66 510 7(0 61 .41) 973
3$ 310 to 6.9 420 240 170 .40 1X40

44 390 ,, 8.2 430 280 280 JO 1.780
44 3 SO 11 11 450 2(0 260 .40 1,230
41 3 SO 11 7.7 460 310 220 .40 IJft)
44 350 9 7.1 632 310 66 JO 1.210
39 300 8 5.6 597 267 61 JO 1X80
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Tabid 12. Physatol properties and major-ion concentrations in wutor samples coCucted Irorn iho Poplar River, 
East Poplar o»i held. Fort Peck Indian Reservation, northeastern Montana (Continued)

Sit* number 
(described In 

toil)
Dale

Slreamliow,
Instants*
ncvvi,
iii’/.i

Specille
conductance,

onsite
(pS/cm)

pH.
onsite

(standard
units)

Water 
tempera

ture, onsite
CC)

Hardness.
tolel

(mp/L as 
CeCOjJ

Calcium, 
dissolved 
(mg/L as

Ce)

PR 1 o) ur 111 194 8.2 J 160 29
(Continued) 05-29 17 60 1.470 16 16-5 190 26

07-0947 56 2.150 86 23.0 220 22
M-21-17 12 1.140 1.5 15.0 210 26
M-09-17 25 1.8 40 8.9 2.0 210 29

01.2741 16 3.730 7.7 0.0 630 120
0)-24-88 90 140 12 J no 20
05-26-18 IS '1.770 5J 21.0 190 21
07 0741 25 1750 8 4 300 130 11
09-2341 Q2 1.730 16 too 2C0 22

10-26-11 54 2JIQ 15 44) 390 37
12-1241 70 3.2 SO 12 00 310 46
0)21 89 729 4f0 80 00 81 17
05-0<49 62 1.370 S3 11.5 JC0 37
07-1149 7 4 1.1*0 15 190 200 22

09-2049 41 2750 86 12.5 250 26
10-2649 in 2700 85 7J I to 31
1206 59 19 *1.950 15 00 240 34
02-22-90 4 2 '7A"-7 11 00 330 5)
Or-Or-90 124 UOtO 17 1.0 150 24

06-76-90 6.4 1,860 8.5 225 2C0 19
<4-14-90 15 1.230 8 3 21.0 190 31
10-17-90 5.7 2,300 17 -to 7,‘iO 31
IJ-01.90 7.6 7.330 1 4 00 310 45
<1)4041 1.7 1,560 8.1 00 210 34

0144-91 31 IJI0 15 I3J 110 29
0744-91 44 1J90 8.1 22 0 190 27
09-2341 14 1,150 86 10.5 210 27
10-28-91 16 1.140 87 J 220 30
12 0191 II 2.240 14 00 330 St

02 04-92 19 1,710 1 1 00 240 39
014142 57 1740 8.4 5.5 140 36
06-11-92 71 1.490 84 200 150 22
0105-92 12 1.790 90 I9J 190 70
1009 92 77 2.IC0 81 80 220 26

1201 92 __ 1.140 16 00 740 >4
02 <M 93 - 2.440 71 00 430 77
0«-01-93 ten 914 8.7 60 130 22
06 17 93 20 1.660 11 13 J 170 21
01 13-93 143 1J30 16 17.0 230 41

10*1443 45 1.630 18 5.0 220 30
12-00-93 35 1.870 13 0.0 270 39
0)1144 1.110 394 11 .5 85 16

'Laboratory measurement.

Hydrologic data lor tha East Poplar oil lieid. Fori Pack Indian Rasarvalion, nonhaaslarn Montana

Magnesium.
dissolved
(mgA.es

Mg)

Sodium, 
dissolved 
(mg/L a» 

eia)

Sodium
adsorp

tion
ratio

Potas
sium, 

dissolved 
(mg/L as K)

Alkalinity.
onalle 

(mg/L as
CaCOj)

Sulfate, 
dissolved 
(mg/L as 

SOJ

Chloride, 
dissolved 
(mg/L es 

Cl)

Fluoride, 
dissolved 
(mg/L as

F)

Dissolved solid*, 
computed 

(mgfL)

22 5 4.6 311 130 3) JO 564

1 06 *27 200 8) .40

380 II 12 440 270 270 .40 1*260

35
33

3-MI
301

10
9

7.4
60

455
511

2)0
250

no
71

.40

.50 1.010

Id 9.7 683 410 590 .50 2.190

150 6 4 J 305 140 13 JO

II 66 511 270 120 JO

21
36

69 363 no 61 .40

310 9 0.9 «74 250 150 JO 15230

il 450 II 7.5
OS

465 
rb9

270
3«0

320
210

.40
JO

1.410
IJ40

9.4
30
34

57
240
360

3
7

II

5.9
6 1
85

172
122
415

70
220
220

3.4
49

250

.10

.40

.40
840

1.160

44
39

510
430

II

II

11
1J>
01

474
*95
567

2S0
2S0
300

410
303
110

JO
JO
40

IJ80
IJ90
0*0

45
73

450
ISO

i:
7

8.2
SJ

631
317

330
no

2fO
72

.40
JO 675

56 7.4 476 270 200 <.10 1.200

7 10 377 IcO 95 .40

«30 12 8.2 4-17 230 .101 .20 IJ20

7.7 718 - 180 to "
31 3)0 10 8.4 - 750 92 .40

5.7 469 200 52 JO 846

1 90 «99 360 51 .40 165

10 7 JO 494 240 no .60

II 6 b 543 240 120 60 1.130

41 420 10 7.0 <65 330 140 .80

9 62 572 240 T2 .60 IJ080

230 8 5.1 404 ISO 40 JO

to 60 427 230 57 .40

33
31

6-4 *92 230 140 JO 1.060

403 12 7.0 - 270 200 JO IJtO

9 66 _ 250 63 .10 1.130

367 8 6.9 - 2*0 350 JO
6.8 • 120 22 JO

10 6.4 230 no JO

31 220 0 8.7 - 190 41 .40

35
42
II

290
320

56

9
B
3

60
6.2
9.2

250
280

72

78
70

4.7

.40

.50

.10

1.020
1.130

263
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Tobld 13. Traco-atomuni concamrahons <n waiei samples collected Irom ihe Poplai Rivet. East Poplar oil held. Fort Pock ImJUn 
Reservation. northuosiem Montana

|S*fii|ilci collected
—, mi itau|

•ml jiulysol l»y the G-'uli-jii ul 5-iisc) cul-i*.’ l<3<I* jw:< •>ri'ortd; pjj/1.. micru^iu*<>• per ti*c«. Symbol*: <. leu ih»**:

SJt«
number

(described
In tail)

Data

Slraamllow,
Instan
taneous
(ii’/o

Barium, 
dissolved 
(pg/L as 

Bs)

Ooron, 
dissolved 
(pprUas B)

Iron,
dissolved 
(pp/L as

Fa)

Lithium, 
dissolved 

(pg/L as Li)

Manganese, 
dissolved 

(Ji0rk •• kin)

Strontium, 
dissolved 

OiQrt. as Sr)

PR-1 1023-79 22 ~ 9&0 10 - - -

0)&) SI 1.7
.. l„?M 21

02 21-91 20 790 74 - -
04-2 4 91 36 7t0 46 - 6 -
07-24-91 31 IjDOO 33 - “

w-n-9i 1) IJDCO 13 ..
10-29-91 99 .. I.ICO 22 - - -
04-21-92 SI ... 6*0 3.KB - 190 -
06 23-92 17 - 1.1(0 62 - -
09 03-92 12 I.ICO SS “ -

10-1692 9.9 I.ICO 13 -
OI-07-V3 102 340 190 5 ~
06-17-93 29 930 41 -
09-12-93 HH 1.000 33

PR-S 09-13-73 37 _ 1.600 60 <10

09 13-73 33 . I.X0 60 — <10 -
12*23 71 to ixco <10 60 -

03-16-76 37 300 130 - 30 -
04-07 76 <44 290 120 ~ 20 ~

06 22-76 221 SCO 60 ,

07 09 76 471 970 110 - - -

03 06-76 to I.JCO 20 - -

09-10 76 21 .. 1.200 <10 no <10

1001 76 21 I.ICO 20 - -

till 76 23 _ 990 20 .. -
12-10-76 26 I.ICO <10 130 10 -
01-23-77 7,0 _ 970 20 - -
02-11-77 19 £90 JO - « -
03-31-77 I6S 320 40 70 20 -

Ot-26-77 *14 790 3<»

0509-77 29 930 20

116-06. TV 32 .. 1,200 70 90 <10 -
07-19-77 7.4 I.2CO 20 - - -
09-22-77 66 310 <10 130 <t0 -

W-13-77 15 .. I.2CO 20 ..
1023-77 29 _ I.ICO 30 - -
11-13 n 30 _ 30 - - «
17-21-77 90 I.2CO 30 140 40 ~
01-09-71 7.0 -• I.ICO 40 - -

02-13-79 1.0 310 <10 -
(0-24-79 3.3CO 130 160 <10 30 •
04-13-79 217 _ 460 10 - -
03-11-71 134 „ 670 30 .. .. -
06-12-79 77 - 910 <10 110 <10 -

00 Hydrologic dais lor m« Hast Poplar oil field, Fuii Pock Indian Roiarvollun, norilieostern JAontana

Tabi» 13. Trace-atomem concantraiiona in water samples uaHectud Irom mo Poplar Rarer. East Poplar oil (laid. Fort Pack Indian 

Reservation, nonrtoastom Monumn (Continued)

Site Stioiimllow, Barium, llaiaa Iron,
number Inttun* dissolved dissolved dissolved

(doscrlbed
In lad)

laneous
III1!.)

(pg/L as
B«) (PQ/L as 0) (pg/l as

Fa)
(jjqIL as LI)

PK-I 07-21-75 63 ~ 920 130
(ConunecaJ) 09-13-73 II - i.icn <to

900)-15-79 139 —
10-26-7! 40 - 940 <10
11-17-79 36 - I.H» <10 **

12-11-73 13 1.200 30
01-13-79 4 I - 990 <10 "
CC 20-79 2.3 - 720 30 -
CD-10-79 943 - ICO 130
04-19-79 3JCO ** zco 30 “

03-13-79 373 „ 630 30 -
06-11-79 75 - 1,100 <10
07-17-79 31 - 760 30 -
03-13-79 23 660 <10 ~
0-3-17.79 Vi 1,000 <10

10-16-79 16 „ 990 <10
12-11-79 2* — I.ICO
01 -09-80 17 - 930 20
0J-23-80 96 - 650 40 **
04-17-SI 12* “ 640 40 **

03-01-80 32 _ 760 10 -
C6-24-S0 10 - 1.200 20 •*
07-31-80 1.0 IJCO 20 **
09-21-60 12 - 1,100 20 "
CO 11-80 73 " 1X00 <10 **

10-23-80 29 „ SCO 10 -
11-13-80 30 - 830 20 ~
01-21-81 ?» - I.ICO 10
03-24-11 69 - 370 40 -
04-27-81 3« 790 20 “

07-02-81 24 1.100 <10 -
07-29-fll 5.3 941) 10 ~
03-25-81 ,83 1.000 so

* 09-09-11 .14 1.000 10
09-23-81 .12 1.000 19

11-18-86 27 76 - 17 120

03-23 87 118 fS 93 $2
07-09-87 5.6 57 17
W-21-87 t? 63 *■ *
11*09 87 25 52 7

03-24-98 90 IS 45 44
0? 07*83 23 49 - 130 63

09*23*33 .02 52 - II
10-26-83 3.4 60 - 19 120

03-23-59 729 43 - 3C0

Mangnnoso, Strontium,
dlnolvsd dissolved

(pg/l.esMn) (pg7l.es St)

<10

<10

70

<10
20

<10

70

70

10

3

•
0

10

10

3
10

13

23
17
6
3
s
7
32
9
7

610
330

TABLE 3 91
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Table 13. TrtiCo*olam«ni concentrations in water samples collected from ifta Poplar Rivor. East Poplar oil Hold. Fort Pack Indian 
Reservation, northeastern Montana (Continued)

Site
number

(described
In teal)

Dote

Streamllow. 
in start*

laneous
(ll3/.!

Barium, 
dissolved 
O.p/L as

Ba)

Boron,
dissolved 
(pg:L as 0)

Iron,
dissolved 
(MOd. ••

Uinlum, 
dissolved 

(pQ/L as Li)

Manganeso. 
dissolved 

(pg/L as Mn)

Strontium, 
dissolved 

(pg/L «• Sr)

PK-8 O'MH.ey 7.1 55 7 100 5 500
(Gmumiul) OV.JO.K** 4.8 5S 7 140 6 650

lO-M-S') 6 0 30 21 120 6 630
02.22-‘>o 4,2 72 „ 21 130 45 830
06-26-90 6.4 5) 5 no 3 450

0S.l-i.9H IS 89 „ IS 68 2 460
10-17-90 5.7 57 9 . 130 It 610
02.20-91 1 7 51 - 73 95 62 450
07.24.91 44 89 35 too 3 460
03.J3 91 14 63 “ 19 110 8 470

10-28 91 16 56 „ 7 110 14 4 SO
024)1-92 19 55 18 110 37 530
06.J8 9J 31 57 57 89 <1 400
044)5 92 12 SO - 13 no 3 420
1009-92 7.7 52 " 21 130 6 520

02 01-93 _ 59 _ IS 120 260 9CO
C6-17-93 20 $0 .. 40 95 2 420
08.12-93 143 $9 - 2* 31 5 520
10-14-93 45 57 - II 97 IS 450
OJ. 18-94 1,880 39 ~ 160 19 :: 170

92 Hydrologic data lor iha Hast Poplar till Held. Port Pack Indian Rotarvailon, norihaaslarn Montano

j
!
}
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CONVERSION FACTORS

The following factors ca 
to the International System oi

Multiply inch-pound unit 

acre
cubic foot per second (ft^/s)

foot
inch
micromho per centimeter 

at 25° Celsius (micromho) 

mile
pound per square inch

be used to convert inch 
Units (SI).

By

0.4047
0.02832
0.3048

25.40

100

1.609
6895

pound units in this report

To obtain SI unit 

hectare
cubic meter per second 

meter
millimeter 
microsiemens per

meter at 25° Celsius 

kilometer 
pascal

Temperature in degrees Celsius (°C) can be converted to degrees Fahrenheit (°F) by 

the equation:

°F = 9/5 (°C) + 32

National Geodetic Vertical Datum of 1929 (NGVD of 1929): A geodetic datum derived 
from a general adjustment of the first-order level nets of both the United States 
and Canada, formerly called mean sea level. NGVD of 1929 is referred to as sea 
level in this report.
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RECONNAISSANCE EVALUATION OF CONTAMINATION IN THE ALLUVIAL AQUIFER 

IN THE EAST POPLAR OIL FIELD, ROOSEVELT COUNTY, MONTANA

by

Gary W. Levings

ABSTRACT

The alluvial aquifer in the East Poplar oil field was studied to de
termine the occurrence, movement, and chemical quality of ground water and 
to evaluate contamination in the alluvial aquifer. In the oil field area, 
shallow water occurs in alluvium beneath the Poplar River valley floor. 
The general direction in flow of water in the alluvium is from north to 
south down the Poplar River valley. Localized areas may have directional 
components of flow toward the river.

Four distinct types of ground water were identified in the study area. 
Type l is sodium bicarbonate water with a range of dissolved-solids con
centration of about 490 to 770 milligrams per liter. Type 2 is sodium 
chloride water with varying quantities of calcium and magnesium and dis
solved-solids concentration ranging from about 1,600 to 7,200 milligrams 
per liter. Type 3 water contains sodium and chloride in significantly 
larger concentrations than Type 2 water, and dissolved-solids concentra
tions range from 13,800 to 114,000 milligrams per liter. Type 3 water is 
from test wells drilled near a brine-disposal well and is similar to Type 
4 water, which is the brine being injected. The dissolved-solids concen

trations of the brine being injected are 97,900 and 161,000 milligrams 
per liter.

Contamination of the alluvial aquifer by brine is indicated by a 
brine/fresh-water interface in the alluvium, and a downstream increase in 

chloride concentration (20 to 880 milligrams per liter) and change in 
water type (from sodium bicarbonate to sodium chloride) of the Poplar 
River. Contamination also may be indicated by the distribution of iron 
and manganese concentrations in water from wells near a brine-disposal 
well-

Possible sources of sodium chloride contamination in the alluvium are 
brine-disposal wells, pipelines, and storage or evaporation pits. The 
contamination can occur from leaks in the casing of brine-disposal wells 
or in pipelines caused by the corrosive nature of the brine or from stor

age or evaporation pits that have been improperly sealed or have sustained 
tears in the sealing material.

INTRODUCTION

Oil production began in 1952 in the East Poplar oil field, which is located 
entirely within the Fort Peck Indian Reservation. Since then, brine produced with 
the oil has been injected into subsurface geologic units by means of brine-disposal

1
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wells or has been directed to storage and evaporation pits- In response to re
ported increased salinity of ground water used for domestic and stock supply in 
and near the oil field, the Oil and Gas Branch of the Conservation Division of the 
U.S. Geological Survey in 1981 requested that a reconnaisance study of the contami
nation be made. In 1982 the branch function became part of the U.S. Minerals Man
agement Service and in 1983 became part of the U.S. Bureau of Land Management. Ad
ditional cooperation was provided by the Office of Environmental Protection of the 
Fort Peck Assiniboine and Sioux Tribes.

Purpose and scope

The purpose of this report is to describe the results of the reconnaissance 
study of contamination of the alluvial aquifer in the East Poplar oil field, Roose
velt County, Montana. Specifically, the purpose includes: (1) Description of the 
occurrence, movement, and chemical quality of water in the alluvial aquifer and (2) 
evaluation of the contamination of the alluvial aquifer.

Existing wells in the study area were inventoried, water levels measured, and 
water samples collected. In addition, seven test wells were drilled and cased near 
a brine-disposal well. Water levels were measured and water samples were collected 
from the wells. Water samples were collected from the Poplar River and stream dis
charge was measured along the reach within the study area to give an indication of 
movement of contaminated ground water to the stream.

Location of the area

The East Poplar oil field is located in northeastern Montana, about 8 miles 
north-northeast of Poplar (fig. 1). The study area is located in Tps. 28 and 29 
N., R. 51 E., along the Poplar River, a tributary of the Missouri River.

Well-numbering system

The local system of numbering wells is based on the rectangular system for the 
subdivision of public lands (fig. 2). A well number consists of 14 characters and 

is assigned according to its location within a given township, range, and section. 
The first three characters consist of the township number and the letter N desig
nating position north of the Montana Base Line. The next three characters consist 
of the range number and the letter E designating position east of the Montana Prin
cipal Meridian. The next two characters indicate the section. The letters follow
ing the section number indicate the position of the well within the section. The 
first letter denotes the quarter section (160-acre tract); the second, the quarter- 
quarter section (40-acre tract); the third, the quarter-quarter-quarter section 
(10-acre tract); and the fourth, the quarter-quarter-quarter-quarter section (2.5- 
acre tract). The subdivisions of the sections are lettered A, B, C, and D in a 
counterclockwise direction beginning in the northeast quadrant. The next two char
acters are a sequence number indicating the order of inventory in that tract- For 
example, well 29N51E32BBBA02 is the second well inventoried in the NE1/4 NW1/4 NW1/4 
NW1/4 sec. 32, T. 29 N., R. 51 E.
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Figure 2.—Numbering system for wells.
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DATA COLLECTION

Well inventory

During May and July 1982, wells in the study area were inventoried; where pos
sible the data collected included date completed, depth of hole, depth of well, 
depth to first opening, and static water level. Data collected during the invento
ry are listed in table 1 (Supplemental Data at back of report) and the location of 
all wells inventoried is shown in figure 3. During July 1982, water samples for 
chemical analysis were collected from six water-supply and unused wells and two 
brine-disposal wells, SWD-1 and SWD-5. All available water-quality data for wells 
are presented in table 2 (Supplemental Data at back of report).

Test drilling

Seven test wells, W-10 to W-16, were installed during August 1982 in the area 
around brine-disposal well SWD-1 (fig. 3). The test wells were augered through the 
alluvium and into bedrock at each site. The wells were completed with perforated 
2-inch plastic casing. Each hole was to be cased to total depth; however, problems 
in withdrawing the hollow-stem auger flites from the hole without bringing out the 
casing at the same time generally resulted in the collapse of a few feet of augered 
hole. The total depth of the hole and the cased depth are included in table 1. 
The loss of 17 feet of hole in test well W-13 required the drilling of test well W- 
14, 5.5 feet to the west. This hole was successfully cased to within 0.5 foot of 
bedrock. The drillers' log for each test well is given in table 3 (Supplemental 
Data at back of report).

After the casing was installed, each test well was pumped for several hours to 
prevent clay and silt from plugging the perforations and to develop the well. In 
November 1982, each test well, except W-13, was pumped for about 2 hours prior to 
collecting a water sample for chemical analysis (table 2).

GEOLOGY

The East Poplar oil field is located astride the Poplar anticline, which is 
on the west flank of the Williston Basin of northeastern Montana and North Dakota. 
The discovery well was completed in 1952 at a depth of about 5,800 feet, with oil 
production from limestones in the Charles Formation of the Madison Group of Missis- 
sippian age. The Charles Formation is at a.depth of about 5,300 feet below land 
surface in the study area.

The oldest formation cropping out in the study area is the Upper Cretaceous 
Bearpaw Shale. Glaciation and subsequent erosion by the Poplar River have resulted 
in deposits of Pleistocene till, fan alluvium and colluvium, and dune sand, as well 
as Holocene alluvium. The sequence and thickness of Pleistocene and Holocene de
posits differ throughout the area.

Descriptions of these formations are in reports by Colton (1963a,b) and Howard 
(1960). The geologic map (fig. 3) shows the areal distribution of the geologic 

units•
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HYDROLOGY

Ground water

The alluvium is the source of most of the water from wells W-l through W-16. 
Although several wells penetrate a limited thickness of saturated fan alluvium and 
colluvium, this limited thickness is not sufficient to yield much, if any, water to 
wells. The underlying Bearpaw Shale is a relatively impermeable bedrock unit that 
is a barrier to downward movement of water from the overlying units. As a result, 
all water in the alluvium eventually moves laterally downvalley.

The altitude of static water levels in wells and the generalized direction of 
ground-water flow are shown in figure 3. The altitude of static water levels indi
cates that the overall ground-water movement is from north to south down the Poplar 
River valley. Localized areas may have directional components of flow toward the 
river.

Based on chemical analyses of water samples collected from wells (table 2), 
the quality of ground water in the study area is extremely variable. Sodium, bi
carbonate, and chloride are the dominant ions in water from most wells.

Dissolved solids, reported in milligrams per liter, is the sum of all dis
solved constituents in the water and in reality is the total of the major ions in 
solution. Dissolved-solids concentrations of ground water sampled in the study 
area range from 488 to 114,000 mg/L (milligrams per liter).

In analyzing chemical-quality data, graphical methods are used to identify wa
ter types by a determination of the ionic compositions. The water type can be 
identified by use of chemical-constituent diagrams modified from Stiff (1951). 
These diagrams represent unit concentrations, in milliequivalents per liter, of the 
major constituents of each analysis plotted to scale. The diagram provides a visu
al comparison of the ionic content of each analysis.

The range in unit concentration of the major ions in water from the wells in 
the study area is too large to use the same scale for all diagrams. Chemical-con
stituent diagrams, at three different scales, for samples collected in 1982, are 
shown in figure 4. Visual inspection of the diagrams indicates that the water can 
be separated into four principal types representing different dominant ions and 
concentrations of dissolved solids.

Type 1 water contains sodium as the dominant cation and bicarbonate as the 
dominant anion. The dissolved-solids concentration ranges from 488 to 774 mg/L.

Type 2 water differs from Type 1 in that chloride has replaced bicarbonate as 
the dominant anion; sodium remains the dominant cation. However, the concentra
tions of calcium and magnesium vary considerably at each of the wells. The dis- 
solveci-solids concentration ranges from 1,610 to 7,210 mg/L. Wells W-4, W-6, and 
W-9 are located in a straight line (fig. 3) about three-quarters of a mile apart. 
The chemical composition of the water changes from significant quantities of calci
um and magnesium in well W-4 to insignificant quantities in well W-9, and the to
tal concentration of all constituents decreases. The unit concentrations of calci
um and magnesium in water from well W-10 are almost the same as for sodium.

8
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Type 3 water also contains chloride and sodium as the dominant ions; however, 
the total concentration of constituents is larger than Type 2 water. The dissolved- 
solids concentration ranges from 13,800 to 114,000 mg/L. These waters are very 
similar to those of Type 4, which represents the brine being injected into brine- 
disposal wells SWD-1 and SWD-5. The dissolved-solids concentrations of the brine 
are 97,900 and 161,000 mg/L. The brine is a mixture of brines from oil-production 

wells.

The areal distribution of concentrations of sodium, chloride, and sulfate for 
water from the sampled wells is shown in figures 5-7. The concentrations of sodium 
(fig. 5) and chloride (fig. 6) in the test wells installed around brine-disposal 
well SWD-1 reflect the generalized ground-water movement in the area. Water from 
wells to the south and ea6t have larger concentrations than does water from wells 
to the north and west. The reason for the smaller concentrations in water from 
well W-14 than in water from wells W-12 and W-15 is not known. It might be the 
result of differences in concentration with depth, permeability changes in the al
luvium, or localized sources of brine such as pipelines. The concentration of sul
fate (fig. 7) does not follow this pattern. Water in well W-16 has a concentration 

considerably less than water in well W-15. The-reason for the decrease is unknown, 
but the decrease may be caused by geochemical reactions as the water moves through 
the alluvium.

During the sampling of the test wells, the water temperature in well W-15 was 
25.0°C, about 15°C greater than in the other test wells. Well W-15 is 238 feet 

southeast of brine-disposal well SWD-1. The temperature of the injected brine is 
about 80°-85°C.

Water is a byproduct in the production and recovery of most crude oil. Most 
of the water comes from the producing zone and represents the quality of water in 
those zones. In the study area, the Charles Formation is composed of limestone, 
anhydrite, dolomite, halite, and shale. The halite has been dissolved by the for
mation water, resulting in the brine produced in the East Poplar oil field. The 
quality of water in the Charles Formation varies both vertically and laterally 
throughout the field. The dissolved-solids concentration of samples collected dur
ing drill-stem tests, from flows sampled during the drilling process, or from pro
duction water ranges from about 16,000 to 201,000 mg/L (Feltis, 1980). The major 
constituents present in the brine are sodium and chloride.

Surface water

The Poplar River, a tributary to the Missouri River, is a perennial stream in 
the study area. During September 1981, discharge measurements were made at three 
of the sites shown in figure 8. Based on these measurements, the reach of the 
stream between sites PR-1 and PR-5 lost 0.96 ft^/s to the ground-water system. How

ever, a seep along the right bank about 0.6 mile downstream from site PR-3 indi
cates that the potentiometric surface was above the level of water in the river 
and was contributing inflow to the river. Although the net effect of the measure
ments confirms that this is a losing reach, the ground-water system contributes 
flow to the stream where perched ground water exists.

During the September measurements, water samples were collected at the three 
measurement sites for standard analysis and at two additional sites for chloride 
analysis (table 4 in Supplemental Data at back of report). These analyses indicate
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of sample collected in 1982; lower number 1b sulfate con
centration, in milligrams per liter, of sample collected 
in 1979

Figure 7 Sulfate concentration of water from wells.
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a significant increase in chloride concentration between sites PR-2 (18 mg/L) 
and PR-3 (600 mg/L) (fig. 8). From site PR-3 to PR-4 , the concentration decreases, 
then increases again at site PR-5.

Analysis of the major constituents of the stream water indicates that the water 
is a sodium bicarbonate type at site PR-1 (similar to Type 1 ground water) and 
changes to a sodium chloride type at sites PR-3 and PR-5 (similar to Type 2 ground 
water) (fig. 9). The dissolved-solids concentration increases from 970 mg/L at 
PR-1 to 2,310 mg/L at PR-5.

970 1770 E3IO

PR-1 PR-3 PR-5

CHEMICAL-CONSTITUENT OIAGRAM

Sodium ptui 
polonium (No+K)

Coleium (Co)

Mognoitum (Mg)

970
— Chlorld* (Cl)

•---- Bicarbonate (HCOj)

—-Sulfate {SO4)

20 10 0 10 20 
1L1 ■ 1
MILL I EQUIVALENTS PER LITER

Number is dissolved—oolido concentration, 
in milligrams per liter (table 4)

Figure 9.—Chemical-constituent diagrams for water from the Poplar River,
September 1981.

In 1979, stream discharge was measured and a water sample was collected at site 
PR-1 (table 4). Comparison with the 1981 data does not indicate any significant 
differences in water quality even though the discharge was considerably greater in 
1979.

CONTAMINATION OF THE ALLUVIAL AQUIFER 

Indication of contamination

Contamination of the alluvial aquifer is indicated by analysis of chemical- 
quality data for water samples from wells and the Poplar River. A brine/fresh-water 
interface appears to exist between uncontaminated water in alluvium to the north 
(wells W-2 and W-3) and brine-contaminated water in alluvium to the south (wells W-6 
and W-9), based on the difference in type of water (fig. 4). The.concentrations of 
sodium, sulfate, and chloride in water from well W-2 decreased from 1979 to 1982
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(table 2). This decrease may have resulted from the interface moving south, the 
direction of ground-water movement. If the source of contamination has been de
creased, the water moving into this area from the north will begin to mix with, and 
dilute, the contaminated water. The significant increase in all major constituent 
concentrations in well W-4 from 1979 to 1982 indicates that no recharge is occur
ring in this part of the aquifer or the well may be close to a source of contamina
tion or both.

Another water-quality change that may indicate contamination is an increase in 
concentration of iron and manganese in ground water in the area around brine-dispo
sal well SWD-1. The concentration of iron in the brine is 1,400 pg/L (micrograms 
per liter) in brine-disposal well SWD-1 and 730 pg/L in well SWD-5 (fig. 10). The 
concentration of iron in water from the test wells near brine-disposal well SWD-1 
ranges from 9,500 to 55,000 pg/L and increases with distance to the south and east. 

The manganese concentrations are less but have a similar pattern. The geochemical 
reaction resulting in the increase in iron and manganese concentrations cannot be 
determined with the data available; however, the variables that affect solubility 
include the pH and redox potential (Eh) and the dissolved carbon dioxide and sulfur 

species•

The downstream increase in chloride concentration between sampling sites PR-2 
and PR-3 is an indication of brine-contaminated ground-water flow to the Poplar 
River. . The change from sodium bicarbonate water at site PR-1 to a sodium chloride 
type at PR-3, coupled with a downstream increase in dissolved-solids concentration, 
is further indication that brine-contaminated ground water is entering the stream.

Possible sources of contamination

The two most common means of disposal of brine produced in the East Poplar oil 
field are brine-disposal wells and storage or evaporation pits. Brine-disposal 
wells are used for two purposes: (1) The disposal of brine into non-producing sub
surface formations and (2) the disposal of brine into the producing zones for pres

sure maintenance to increase the quantity of oil recovered from the formation. To 
date (1982), brine has been injected into the Upper Cretaceous Judith River Forma
tion (about 700 feet deep), the Lower Cretaceous Dakota Formation (about 3,300 feet 
deep), and the Mississippian Charles and Mission Canyon Formations (about 5,300 
feet deep), for disposal, and into the Charles Formation for pressure maintenance.

The brine-disposal wells can become a source of contamination because of the 
corrosive nature of the brine. The chemical composition and heat of the brine com
bined with an injection pressure of several hundred pounds per square inch can cor
rode and rupture steel casing or pipe, resulting in leakage into adjacent forma
tions. Wells in the oil field produce water having temperatures ranging from 93° 
to 104°C (Sonderegger and Bergantino, 1981). Leakage can also occur in pipelines 
transporting brine from production wells to tank batteries and then to brine-dispo
sal wells.

Storage or evaporation pits are used to hold brine either for evaporation of 
the water or as storage reservoirs during periods when a brine-disposal well is in
operative. These pits are usually bulldozed into the alluvium near a brine—dispo
sal well but may be located near tank batteries or production wells. They may or 
may not be lined with plastic or clay to prevent infiltration of water into the 
alluvium. Where plastic is used, it is susceptible to punctures or tears, allowing
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Figure 10.—Iron and manganese concentrations of water from wells.
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brine to infiltrate the underlying formation.

The location of all evaporation or storage pits, pipelines, wells, and tank 
batteries that have existed in the oil field is unknown. In the study area, as 
many as 11 wells are known to have periodically been used for disposal of brine. 
All these wells are assumed to have had storage or evaporation pits at one time. 
During, the study, pits were in use at brine-disposal wells SWD-1 and SWD-5. The 
area is interlaced with pipelines connecting oil wells to tank batteries, which may 
be connected to brine-disposal wells.

NEED FOR ADDITIONAL STUDY

The results of this reconnaissance study indicate that brine from oil-field 
production is the probable source of sodium chloride contamination in the alluvial 
aquifer. Additional data collection is necessary to determine the areal extent of 
the contain!nation, rates of movement of brine in the alluvium, geochemical reac
tions that may occur between the brine and alluvium resulting in precipitates, and 
changes in water quality with depth in the alluvium.

Answers to some of these unknowns may be possible by using resistivity and 
electromagnetic geophysical techniques to isolate probable sources of the contami
nation plumes. To supplement these data, the location of all producing and dispos
al wells, dry holes, tank batteries, pipelines, and storage or evaporation pits 
needs to be determined. The quantity of brine and period of time that brine was 
injected in each disposal well also need to be determined.

An analysis of these data could isolate the point sources of contamination 
throughout the oil field. A detailed drilling and sampling program could then be 
undertaken to determine the magnitude of contamination and its lateral and vertical 
distribution from these point sources.

If sufficient data are obtained, contaminant transport models might be used to 
simulate the system. Depending on the degree of simulation that is achieved, the 
model could be useful in predicting the movement and residual effects of the con
taminant through the alluvium downvalley from the oil field.

SUMMARY AND CONCLUSIONS

In the East Poplar oil field, shallow water occurs in the alluvium beneath the 
valley floor. The general direction of ground-water flow is from north to south 
down the Poplar River valley. Localized areas may have directional components of 
flow toward the -river. The -alluvium is underlain- by the Bearpaw Shale, which is 
relatively impermeable, preventing downward movement of water and forcing water in 
the alluvium to move laterally downvalley.

Seven test wells, bottomed in the Bearpaw Shale, were installed around brine- 
disposal well SWD-1. These wells were sampled, along with several existing wells, 
to determine the quality of ground water in the study area. Depending on the well 
location, four distinct types of water exist. Type 1 is a sodium bicarbonate water 
with dissolved-solids concentration ranging from about 490 to 770 mg/L. Type 2 is 
sodium chloride water with varying quantities of calcium and magnesium and dis
solved-solids concentration ranging from about 1,600 to 7,200 mg/L. Type 3 is also
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sodium chloride water; however, the concentrations of sodium and chloride are sig
nificantly larger than in Type 2. The dissolved-6olids concentration ranges from 
13,800 to 114,000 mg/L. The wells producing Type 3 water are test wells drilled 
around brine-disposal well SWD-1. Type 3 water is very similar to Type 4 water, 
which represents the brine being injected into two disposal wells. The dissolved- 
solids concentrations of the brine being injected were 97,900 and 161,000 mg/L.

Contamination of the alluvial aquifer by brine is indicated by analysis of 
chemical-quality data for water samples from wells and the Poplar River. A brine/ 
fresh-water interface appears to exist in the alluvium between wells W-2 and W-3 
and wells W-6 and W-9. A downstream increase in chloride concentration (20 to 880 
mg/L) and downstream change in water type from sodium bicarbonate to sodium chlo

ride are indications of brine-contaminated ground-water inflow to the Poplar River. 
Contamination also may be indicated by the distribution of iron and manganese con
centrations around brine-disposal well SWD-1.

The probable source of sodium chloride contamination of the alluvial aquifer 
is by brines from the production of oil in limestones of the Charles Formation of 
the Madison Group of Mississippian age. The brines contain dissolved-solids con
centrations ranging from about 16,000 to 201,000 mg/L. Brine-disposal wells and 
storage or evaporation pits have been used in the disposal of the brine. The con
tamination of water in the alluvium can occur from .leaks in casing or pipelines 
caused by the corrosive nature of the brine or from leakage in storage or evapora
tion pits that have been improperly sealed or have sustained tears in the sealing 
material.

Additional data collection is necessary to determine the areal extent of con
tamination. Rates of movement of brine in the alluvium, geochemical reactions that 
may occur between the brine and alluvium resulting in precipitates, and changes in 
water quality with depth in the alluvium also could be determined by analysis of 
additional data.
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Table l.~-ft«cords of car-#uppjv • onoaad, cast. and brine-diapoaaJ *oJJ«

(Local number--numbering system In text. Depth of holc--in feet below land surface. Depth of well--tn feet below 
land surface. Ftnish--P, perforated; X, open hole. Depth to first opening--in feet below land surface. Use of 

site--D, brine disposal; 0, observation; U, unused; V, withdrawal. Use of vacer--H, doaestic; Z, other. Altitude 
of land eurface--tn feet above sea level. Vater level--ln feet below land surface. Reoarks--C, chemical analyses

in tabic 2; L, well log in table 3.)

Dace
Alci- water

Date Depth cude level
COO' Cas- to of meao-

Well pieced Depth Depth tng first Prin- land ured
No. (month- of of diOD- open- Use Use cipal sur- Water (month-

(fig- day- hole veil eter Fin- Ing of of aqui- face level day- Re-
3) Local No. year) (feet) (feet) (Inches) tsh (feet) site water fer (feet) (feet) year) marks

W-l 29N51E16BDAA01 110 52.6 5.5 U Alluvium 2,027 9.14 07-20-82
V-2 29N51E16CBCC01 - . — 25 6 P 21 u do 2,030 13.48 05-04-82 C
W-3 29N51E16CCAA01 -- -- 23 6 P 19 V z do 2,027 9.31 05-04-82 C
V-6 29N51E17CCCC01 -- -- 87 5.5 P 83 u -- do 2,065 55.66 05-04-B2 c
U-5 29N51E20ABBA01 48 *- •• -- u -- do 2,035 -*
V-6 29N51E20ABBA02 .. -- 44 5.5 u do 2,037 24.67 07-27-82 c
V-7 29N51E21ABCB01 - - 210 197 4.5 X 100 u - - do 2,016 11.37 05-04-82 - -

V-8 29N51E21ABCC01 60 -- 12 12 -- -- V H do 2,016 9.51 05-04-82 c
V-9 29N51E21BBAA01 — 20 17.4 5.5 p 13.4 u do 2,024 9.40 05-04-82 c
47-10 29N51E29CBBB01 08-30-82 46 45.3 2 p 13.3 0 — do 2,007 11.23 08-31-B2 C.L

W-ll 29N51E31AABB01 08-28-82 55 54 2 p 15 0 __ do 2,009 19.55 08-31-82 C,L
V-12 29N3LE32BBAA01 06-29-82 44 42.4 2 p 12.4 0 -- do 1,999 8.37 08-31-82 C,L
W-13 29N51E32BBBA01 08-26-82 48 31 2 p 11 0 - - do 2,000 9.50 08-31-82 L
V-14 29N51E32BBBA02 08-27-82 48 47.5 2 p 7.5 0 — do 2,000 9.48 08-31-82 C,L
V-15 29NS1E32BBBB01 08-29-82 49 49 2 p 19 0 -- do 2,000 10.2! 08-31-82 C,L

v-16 29K51E32BCCA01 08-27-82 46 39.7 2 p 19.7 0 do 1,996 6.84 08-31-82 C,L
SVD-1 29NS1E30DDDD01 09-12-57 3 ,465 3,310 5.5 X 3,146 D -- Dakota 2,005 - - -- C
SVD-5 29K51E19DDBA01 02-22-76 3 ,533 3,533 7 p 3,190 0 - - do 2,040 " " C
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’facie £..--cnetaicAi -qua 1 xz y aaca ror vacer troa veils ana tor injection orxnes

(ValueB are reported in milligrams per liter (mg/L). micrograms per liter (ug/L). degrees Celsius (°C) , 
and micromhos per centimeter at 25* Celsius (micromhos). <. constituent present at concentration 

smaller than detection limit of applied analysis. Agency analyzing sample--MDHES. Montana Department 
of Health and Environmental Sciences. Uater Quality Bureau; USCS, U.S. Geological Survey)

Well
No.

(fig.
3) Local No.

Date
of

sample
(month-
day-year)

Geo
logic
unit

Onsite
spe
cific
con
duct
ance
(micro-
mhos)

Lab
spe
cific
con
duct
ance

(micro-
mhos)

Onsite
pH

(stan
dard
units)

Onsite
water

temper
ature
(*C)

Hard
ness
(mg/L

CaC03)

Hard
ness.

noncar
bonate
(mg/L

CaC03)

Cal
cium, 
dis
solved 
(mg/L 
as Ca)

Magne
sium, 
dis
solved 
(mg/L 
as Mg)

W-2 29N51E16CBCC01 07-23-79 A.1 luvium 1.612 260 0 47 35
07-26-82 do 900 850 7.9 9.0 150 0 30 18

W- 3 29N51 El 6CCAA01 07-20-82 do 1.140 1.170 7.7 9.5 160 0 27 22
W-4 29N51E17CCCC01 07-23-79 do -- 1.070 -- -- 170 10O 40 17

07-27-82 do 9,100 11.500 7.4 9.5 3.100 2,800 700 320
W-6 29N51E20ABBA02 07-23-79 do -- 7.300 -- -- 1,800 -- 340 242

07-26-82 do 6.300 7,430 7.5 -- 1,600 1 .400 290 220

W-8 29N51E21ABCC01 07-23-79 do 1.240 190 38 24
07-20-82 do 1 .200 1.240 7.6 9.5 180 0 36 22

W-9 29N51E21 BBAA01 07-23-79 do -- 3.070 -- -- 230 -- 39 32
07-26-82 do 3.100 2.850 7.5 .. 220 0 39 30

W-10 29N51E29CBBB01 11-03-82 do 10.000 10.200 6.9 10.0 3.500 3.300 750 400

W-1 1 29N51E31AABB01 11-03-82 do 17.000 21 ,100 7.1 10.0 2.500 2,100 670 210
W-12 29N51E32BBAA01 11-02-82 do 70.000 86.300 6.8 12.0 4,700 4,400 1.300 350
W-1 4 29N51E32BBBA02 11-02-82 do 58.000 72,000 6.7 10.5 4.700 4.400 1 ,400 300
W-1 5 29N51E32BBBB01 11-03-82 do 120.000 127,000 6.6 25.0 7,800 7.600 2,500 380
W-1 6 29N51E32BCCA01 11-02-82 do 70.000 92.000 6.8 10.0 16.000 15.000 4.100 1 .300

SWD-1 29N51E30DDDD01 07-23-79 __ _ _ 100.000 _ _ _ _ 4.300 . _ 1 .480 141
07-22-82 -- 170.000 150.000 6.6 — 6.000 5.900 2.000 250

SWD-5 29N51 El 9DDBA01 07-22-82 ~ - 130.000 111.000 6.4 4,600 4.500 1 .500 200
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Table 2.--Chooicai-?oaIIcy data tor vitar iron walls and for injection brino»--Ccmtinued

Well
No.
(fi8-
3)

Dace
of

sample
(month-
day-
year)

Sodium, 
dis

solved 
(mg/L 
as Na)

Per
cent
80-

dluo

Sodium
ad
sorp
tion
raclo
(SAR)

Potas
sium , 
dis
solved 
(mg/L 
as K)

Bicar
bonate , 
fet-lab 
(mg/L 
as

HCO3)

Car
bonate , 
fee-lab 
(ng/1. 
as

C03)

Alka
linity , 
lab 
(mg/L 
as

CaC03)

Sulfate, 
d ls- 
solved 
(mg/L 
as SO4)

U-2 07-23-79 228 .. 6.1 389 0.0 319 115
07-26-82 )30 65 5.2 3.8 -- 250 94

W-3 07-20-82 220 75 8.7 4.1 473 160
W-4 07-23-79 132 -- 4.4 -- 80 .0 66 64

07-27-82 1 .400 50 11 12 ___ -- 234 1.300
W-6 07-23-79 790 -- 8.0 -- 310 .0 254 225

07-26-82 890 54 9.6 11 -- 213 260

W-8 07-23-79 215 6.7
_ _ 554 .0 454 152

07-20-82 220 72 8.0 4.1 -- -- 474 160
W-9 07-23-79 526 15 -- 381 .0 312 177

07-26-82 510 83 15 6.1 __ -- 323 190
.W-10 11-03-82 870 35 6.4 12 -- 246 630

W-11 11-03-82 4,100 78 35 20 395 1,000
W-12 11-02-82 25.000 92 159 250 -- - - 245 840
V-14 11-02-82 19.000 90 120 89 -- 301 800
W-15 11-03-82 43.000 92 221 150 -- -• 172 1. 100
W- 1 6 11-02-82 23.000 76 80 97 -- -- 126 440

SWD-1 07-23-79 69.600 _ 457 « - 171 .0 140 1.670
07-22-82 56.000 94 314 910 ___ -- 153 1,200

SWD-5 07-22-82 33,000 93 212 550 ““ 76 1.500
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Table 2 .--Cheoieai -^oal icy dete to r veter fro o veils end for injection brines--- Continued

Well
No.
(fig.
3)

Dace
of

sample
(taonch-
day-
year)

Chlo
ride, 
dis
solved 
(mg/L 
as Cl)

Fluo
ride, 
dis
solved 
(mg/L 
as F)

Silica.
dis
solved
(og/L
as
S102)

Solids.
BUS of 
consd- 
cuencs. 
dis
solved 
(mg/L)

Nitro
gen.
no2+no3

dis
solved 
(mg/L 
as N)

Arsenic. 
dis
solved 
(vg/L 
as As)

Beryl
lium, 
dis
solved 
(vg/L 
as Be)

Cadmium, 
dis
solved 
(ug/L 
as Cd)

Chro- 
qIuq. 

dis
solved 
(ug/L) 
as Cr)

W-2 07-23-79 230 __ __ 1 .464 _ _ _ _ _ _ «...

07-26-82 34 .5 10 488 3.9 1 <•5 <1 <10

W-3 07-20-82 18 .4 15 752 <•10 ... --
W-4 07-23-79 238 -- -- 452 -- -- -- -- --

07-27-82 3.300 .1 14 7.210 .10 7 <10 20 10
W-6 07-23-79 2.190 -- -- 4.100 -- -- -- -- --

07-26-82 2.300 .2 16 4,120 <•10 -- -- --

W-8 07-23-79 3^ __ _ _ 880 _ _ _ __ .. --
07-20-82 30 .6 14 774 .27 1 <•5 <1 <10

W-9 07-23-79 629 -- -- 1 .780 -- -- — -- -«

. 07-26-82 620 .L 14 1.610 <■10 - - -- - - --
W-10 ' 11-03-82 3.400 .i 16 6.250 <•10 -- — “ ■

W-l 1 11-03-82 7.500 .2 16 13.800 .62 .. ..
W-l 2 11-02-82 42.000 <•1 7.9 69.900 <•10 — -- -- --
W-14 11-02-82 34.000 <■1 11 55.800 <-10 •2 <10 130 60
W-l 5 11-03-82 67.000 <•1 12 114.000 <•10 5 <•5 1 100
W-16 11-02-82 46.000 <•1 6.8 75.100 <•10 -* *- --

SVD-1 07-23-79 106,000 _ _ _ _ _ _ _ _ _ ..

07-22-82 100.000 4.6 57 161.000 <•10 <1 <10 290 130
SVD-5 07-22-82 51.000 4.4 52 97.900 <•10 <1 <10 170 120
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Table 2.--Chooicai-ffoai Ity data for *ator froa wells and for injoetion brin©*--Conti.nued

Well
No.
(fiR-
3)

Dace
of

sample 
(month- 
day- 
year)

Copper 
dis
solved 
(ug/L 
as Cu)

. Iron, 
dis
solved 
(ug/L 
as Fe)

Lead. 
dis
solved 
(ug/L 
as Pb)

Manga
nese . 
dis
solved 
(ug/L
08 Mn)

Mercury 
dis
solved 
(ug/L 
as Hg)

. Nickel, 
dis
solved 
(ug/L 
as Nl)

Sele
nium, 
dis
solved 
(ug/L 
os Se)

Zinc, 
dis
solved 
(ug/L 
a6 Zn)

Agency 
analyt
ic ng
sample

V-2 07-23-79 „ .. .. .. MDHES
07-26-82 <10 27 <100 27 <•1 <100 4 44 USGS

V-3 07-20-82 470 .. 170 _ .. .. uses
W-4 07-23-79 -- -- -- -- -- -- -- -- MDHES

07-27-82 30 17,000 200 1,800 <•1 200 <1 40 USGS
V-6 07-23-79 -- -- -- — -- -- -- MDHES

07-26-82 -- 270 -- 1 .200 * -- -* USGS

W-8 07-23-79 -- ... .. _ _ _ _ . MDHES
07-20-82 <10 5 <100 3 <•1 100 <1 320 USGS

W-9 07-23-79 - - -- -- -- -- -- -- MDHES
07-26-82 -- 2.800 -- 460 -- -- -- USGS

W-10 11-03-82 22.000 - “ 1 .800 -- •• -- •• uses

W-l 1 11-03-82 .. 9,500 .. 1.500 USGS
W-l 2 11-02-82 — 49.000 -- 3.300 -- — — — uses
VI-14 11-02-82 70 21 .000 600 3.200 .1 500 <1 140 uses
W-l 5 11-03-82 <10 33.000 1 .600 6.900 .5 1 .600 <1 220 USGS
W-l 6 11-02-82 55.000 -- 14.000 -- -- -- uses

SWD-1 07-23-79 .. .. .. ... . . .. MDHES
07-22-82 200 i .400 4.000 300 <-1 3.200 <1 110 USGS

SWD-5 07-22-82 140 730 1.300 160 <•1 2.700 <1 80 uses
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Table 3.—Drillers' logs of test wells 

[Thickness is in feet. Depth is in feet below land surface]

Thickness

29N51E29CBBBQ1 (W-10)

Topsoil 
Clay, moist
No returns, easy drilling 
Fine, silty sand, saturated 
Silty sand and some gravel 
Gravel
Gravel, fairly moist 
Bearpaw Shale

29N51E31AABB01 (W-ll)

Topsoil 
Hardpan 
Clay, silt 
Sandy gravel
Clay with small amount of gravel 
Bearpaw Shale

29N51E32BBAA01 (K-12)

Topsoil 7 7

Sand i 8

Moist sand and silt .5 g.5

Gravel and sand, moist 7.5 15

Saturated 5 21
Moist 5 26
Saturated 17 43

Bearpaw Shale 1 44

29N51E32BBBA01 (W-13)

Soil 7 7

Gravel 9 15

Gravel; water at 16 feet 32 48

Bearpaw Shale — 48

29N51E32BBBA02 (W-14)

Soil 7 7

Gravel 9

Gravel; water at 16 feet 32 43

Bearpaw Shale — 48

29N51E32BBBB01 (W-15)

Topsoil 6 6

3 3
2 5

14 19
2 21

33 54
1 55

5 
8 
3 
7 
7 
9
6 
1

5
13
16
23
30
39
45
46
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Table 3.—Drillers' logs of test wells—Continued

Thickness Depth

29N51E32BBBB01 (W-15)—Continued

Sand, moist with some gravel 
Sandy gravel 
Moist sand 
Sandy gravel
Mostly sand, little more moist 
Gravel
Sand-some gravel 
Gravel and sand 
Gravel and sand, saturated 
Same, hard drilling 
Same, easier drilling 
Hard drilling, no returns 
Bearpaw Shale

29N51E32BCCA01 (W-16)

Soil
Gravel
Bearpaw Shale

5
1
2
2
2
2
2
3
4
5 
5 
9 
1

11
12
14
16
18
20
22
25
29
34
39
48
49

12 12
34 46

46
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[Values are reported in cubic feet per second (ft^/s), micromhos per centimeter 
at 25° Celsius (micromhos), degrees Celsius (eC), milligrams per liter (mg/L), 

and micrograms per liter (ug/L). Analyses by U.S. Geological Survey.)

Table 4 .--Chemical quality of water in the Poplar River

Site
des
igna
tion
(fig-
8)

Date
of

sample
(month-
day-
year)

Stream- 
flow , 

instan
taneous 
(ft-Vs)

0nsite 
spe
cific 
con
duct
ance 
(micro
mhos)

Onsite
pH

(stan
dard
units)

Onsite
water
temper
ature
(°C)

Hard
ness ,

Hard- noncar- Calcium,
ness bonate dissolved
(mg/L (mg/L (mg/L
as as as

CaC03) CaC03) Ca)

Magne
sium , 
dis
solved 
(mg/L 
as
Mg)

PR-1 10-25-79 22 1,380 8.8 7.0 190 _ _ 24 31
09-09-61 1 .7 1,560 9.0 20.0 140 0 12 27

PR-2 09-09-81 -- 1,590 9.0 -- -- -- -- --

PR-3 09-09-81 1 .4 3,090 8.6 23.0 360 0 36 66

PR-4 09-09-81 -- 3,620- 8.5 -- -- -- -- --

PR-5 09-09-81 .74 3,790 8.4 25.0 590 220 80 95

Sol-
ids ,
sum

So- Potas- Alka- Sul- Chlo- Fluo- Sil- of
diura, siuro, lin- fate, ride, ride, ica, con- Iron,

Site dis- So- dis- icy, dis- dis- dis- dis- stitu- dis-
desig- solved Per- dium solved lab solved solved solved solved ents, solved
nation (mg/L cent adsorpi- (mg/L (mg/L (mg/L (mg/L (mg/L (mg/L dis- (ug/L
(fig- as so- tion as as as as as as solvedl as
8) Na) dium rat io K) CaC03) SOi) Cl) F) Si02) (mg/L) Fe)

PR-1 280 76 8.9 7.4 .. 250 12 0.4 7.1 918 10
320 82 14 8.5 560 240 20 .5 1.9 970 21

PR-2 -- -- -- -- -- -- 18 -- -- -- --

PR-3 530 75 12 11 460 •250 600 .4 2.5 1 ,770 30

PR-4 -- -- -- -- -- -- 540 -- -- -- --

PR-5 610 69 11 13 370 400 880 .4 5.2 2,310 30

29

MAR02-1458


